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1.0 INTRODUCTION
1.1 BACKGROUND

The U.S. Environmental Protection Agency’s (EPA’s) Office of Solid Waste (OSW),
as directed by Congress in the Hazardous and Solid Waste Amendments of 1984 to the
Resource Conservation and Recovery Act (RCRA), has undertaken an investigation of the
Petroleum Refining Industry. This investigation was also mandated by a 1994 consent decree
resuiting from litigation brought by the Environmental Defense Fund (EDF). The consent
decree identifies 14 specific residuals for which the Agency must make listing determinations
and an additional 15 residuals that the Agency must study. These 29 residuals, subsequently
referred to as the Residuals of Concern (RCs), are listed in Table 1.1, As a result of the
consent decree, the Agency embarked on a three-year project to determine whether these 29
RCs pose a threat to human health and the environment and to develop a basis for making
such a determination. This background document presents the information collected to
support the 14 listing determinations.

The Petroleum Refining Industry was previously studied by OSW in the 1980s, This
original effort involved sampling and analysis of a number of residuals at 19 sites,
distribution of a RCRA §3007 questionnaire to 180 refineries (characterizing the industry as
of 1983), and, ultimately, a listing determination effort focused on wastewater treatment
sludges, culminating in the promulgation of hazardous waste listings FO37 and F038
(respectively, primary and sccondary oil/watcr/solids scparation sludges from petroleum
refining).

As part of the Agency’s current investigation of residuals from petroleum refining, the
Agency conducted engineering site visits to 20 refineries to gain an understanding of the
present state of the industry. These 20 refineries were randomly selected from the 185
- refineries operating in the continental United States in 1992, Familiarization samples of
various residuals were collected at 3 refineries to obtain data on the nature of the RCs and to
- identify potential problems with respect to future analysis. The Agency then conducted
record sampling and analysis of the RCs. During the record sampling timeframe, an
additional 6 facilities were randomly selected to increase sample availability. Approximately
100 record samples were collected and analyzed. Concurrently, the Agency developed,
distributed and evaluated a census survey of the industry. Science Applications International
Corporation (SAIC) (EPA Contract No. 68-W4-0042) has been contracted to assist
EPA/OSW in the characterization and evaluation of these residuals.

Petroleum Refining Listing Determination
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Table 1.1. Pctrolcum Refining Residuals Identified in the EDF/EPA Consent Decree

Sludges\Sediments; .
Clarified slurry oil sediments and filter solids from catalytic cracking (L) (CSO sludge)
Unleaded storage tank sediments (L)
Crude storage tank sediments (L)
Process sludge from sulfur complex and H,S removal facilities (L) (suifur complex sludge)
Sludge from HF alkylation (L)
Sludge from H,SO, alkylation (L)
Desalting sludge from crude desalting (S)
Residual oil storage tank sfudge (5)
Process sludge from residual upgrading (S)

Catalysts:
Catalyst from catalytic hydrotreating (L)
Catalyst from catalytic reforming (L)
Catalyst and fines from catalytic cracking (L) (FCC catalyst and FCC fines)
Catalyst from catalytic hydrorefining (L)
Catalyst from H,SO, alkylation (L)
Catalyst from sulfur complex and H,S removal facilities (L) (Claus and tail gas treating
catalysts) |
Catalyst from extraction/isotnerization process (5)
Catalyst from catalytic hydrocracking (S)
Catalyst from polymerization (S)
Cartalyst from HF alkylation (S)

Off-Spec Products:
Off-spec product and fines from thermal processes (L)
Off-spec product and fines from residual upgrading (S)
Off-spec product from sulfur complex and H,S removal facilities (S)

Treating Clays: :
Treating clay from clay filtering (S)
Treating clay from lube oil processing (8)
Treating clay from the extraction/isomerization process (S)
Treating clay from alkylation (S)

Miscellaneous Residuals:
Spent caustic from liquid treating (L) ,
Off-spec treating solution from sulfur complex and H,8 removal facilities ()
Acid-soluble oil from HF alkylation (S)

L: Requires listing determination as per the EDF/EPA consent decree.
8: Requires study as per the EDF/EPA consent decree.
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1.2 EXISTING PETROLEUM REFINING LISTINGS

As a result of past listing investigations, the Agency previously promulgated a series
of listings that apply to the petroleum refining industry. These listings are associated
primarily with the refinery wastewater treatment systems. The consent decree residuals, in
contrast, are not wastewater treatment residuals, aithough some of the residuals of concern
are typically managed in the refinery wastewater treatment plants. The existing listings are
described below:

Hazardous Listing Description Date of
Waste Pub.
Listing

i

K048 Dissolved air flotation (DAF) float from the petroleum refining 5/19/80

industry (T)
K049 Slop oil emulsion solids from the petroleurh refining industry (T) | 5/19/80
K050 Heat exchanger bundle cleaning sludge from the petroleum 5/19/80
refining industry (T)

K051 API separator sludge from the petroleum refining industry (T) 5/15/80

K052 Tank bottoms (leaded) from the petroleum refining industry (T) - | 5/19/80

F037 Petroleum refinery primary oil/water/solids separation sludge - | 11/2/90

Any sludge generated from the gravitational separation of
oil/water/solids during the storage or treatment of process
wastewaters_and oily cooling wastewaters from petroleum
refineries.

Such sludges include, but are not limited to, those generated in:
oil/water/solids separators; tanks and impoundments; ditches and
other conveyances; sumps; and stormwater units receiving dry

| weather flow.

Sludges generated in stormwater units that do not receive dry
weather flow, sludges generated from non-contact once-through
cooling waters segregated for treatment from other process or
oily cooling waters, sludges generated in aggressive biological
treatment units as defined in §261.31(b)(2) (including sludges
generated in one or more additional units after wastewaters have
been treated in aggressive biological treatment units) and K051
wastes are not included in this listing.

Petroleum Refining Listing Determination
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Hazardous Listing Description Date of

Waste Pub.
Listing
WW
FO38 Petroleum refinery secondary (emulsified) oil/water/solids 11/2/90

separation sludge - Any sludge and/or float generated from the
physical and/or chemical separation of oil/water/solids in process
wastewaters and oily cooling wastewaters from petroleum
refineries.

it Such wastes include, but are not limited to, all sludges and floats
generated in: induced air flotation (IAF) units, tanks and
impoundments, and all sludges generated in DAF units.

Sludges generated in stormwater units that do not receive dry
weather flow, sludges generated from non-contact once-through
it cooling waters segregated for treatment from other process or
oily cooling walers, sludges and floats generated in aggressive
biological treatment units as defined in §261.31(b)(2) {including
sludges and floats generated in one or more additional units after
wastewaters have been treated in aggressive biological treatment
units) and FO37, K048, and K051 wastes are not included in this
listing,

Section 261.3(a}(2)(iv)}(C) exempts K050 from the definition of hazardous waste when
mixed with wastewater discharged under either section 402 or 307(b) of the Clean Water
Act. ‘

Section 261.4(a)(7) exempts spent sulfuric acid used to produce virgin sulfurie acid,
unless it is accumulated speculatively as defined in §261.1(c). Spent sulfuric acid is one of
the listing residuals of concern.

1.3 OTHER EPA REGULATORY PROGRAMS IMPACTING THE PETROLEUM
REFINING INDUSTRY

Each of EPA’s major program offices has long-standing regulatory controls tailored to
the petroleumn refining industry. Some of the more significant programs with some relevance
to OSW’s listing determinations include:

. The Clean Air Act’s Benzene NESHAPs, designed to control benzene releases
from process and waste management units.

. The Clean Air Act’s National Ambient Air Quality Standards (NAAQS),
which prescribe limits for SOx, CO, particulates, NOx, VOCs, and ozone.
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. The Clean Air Act’s NESHAPS for Petroleum Refineries (40 CFR Part 63
Subpart CC. August 18, 1995, 60 ER 43244, designed to control hazardous air
poliutants (HAPs). ‘

| Fuel specification rules established under the Clean Air Act which set the
acceptable composition of gasoline and diesel fuel.

. The Clean Water Act sets specific technology-based limits and water quality-
based standards for discharges to surface waters and POTWs,

. The Toxicity Characteristic, particularly for benzene, in combination with the
F037/F038 sludge listings, has had a significant impact on the industry’s
wastewater treatment operations, forcing closure of many impoundments and
redesign of tank-based treatment systems.

. The LDR Program, including the ongoing Phase III and IV development work.

Petroleum Refining Listing Determination
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2,0 INDUSTRY DESCRIPTION
2.1 PETROLEUM REFINING INDUSTRY PROFILE

In 1992, the U.S. petroleum refining industry consisted of 185 refineries owned by 91
corporations. Figure 2-1 illustrates the distribution of refineries across the country.
Refineries can be classified in terms of size and complexity of operations. Forty-four
percent of the refineries process less than 50,000 barrels per day of crude, while the 20
largest companies account for 56 percent of the nation’s total refining capacity.

The simplest refineries use distillation to separate gasoline or lube oil fractions from
crude, leaving the further refining of their residuum to other refineries or for use in asphalt.
Approximately 18 percent of the U.S.’s refineries are these simple topping, asphalt, or lube
oil refineries. More sophisticated refineries will have thermal and/or catalytic cracking
capabilities, allowing them to extract a greater fraction of gasoline blending stocks from their
crude. The largest refineries are often integrated with chemical plants, and utilize the full
range of catalytic cracking, hydroprocessing, alkylation and thermal processes to optimize
their crude utilization. Section 3.0 describes the major unit operations typically found in
refining operations.

' The refining industry has undergone significant restructuring over the past 15 years.
While the total national refining capacity dropped 17 percent since 1980 to 15 million barrels .
per day, the number of refineries dropped 45 percent from 311 in 1980 to approximately 171
active in 1992, Refinery utilization rates over the 1980 to 1992 period rose from 75 percent
to 50 percent. (API, 1993). Very few new refineries have been constructed in the past
decade; the industry instead tends to focus on expansions of existing plants.

The facilities closed fended to be smaller, inefficient refineries. Larger existing
facilities with capacities over 100,000 bbl/day have increased production to off-set the facility
closings.

The data presented above indicates that the petroleum refining industry has been going
through a consolidation, which has resulted in a large decrease in the number of refineries in
the United States, but only a slight decrease in production, It is expected that this trend will
continue, with refineries continuing to close, but expansions occurring at others, keeping the
total refinery capagcity in line with demand for refinery products.

In addition to restructuring, the industry is adding and changing production
operations. Although atmospheric and vacuum distillation, catalytic cracking, and their
associated treating and reforming operations will remain the primary refinery operations, new
production operations continue to be added. These include coking and desunlfurization
processes, :

Many of these process changes are being implemented as a result of two factors: (1)
today’s crudes tend to be heavier and contain higher levels of sulfur and metals, requiring

Petroleum Refining Listing Determination
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process modifications, and (2) a seriey of important pollution control regulations have been
implemented, including new gasoline reformulation rules designed to reduce the amount of
volatile components in gasoline, and new regulations requiring low-sulfur diesel fuels. These
heavier crudes and new rules are causing refineries to make process modifications to their
catalytic cracker units, as well as installing additional sulfur removal hydrotreaters and unit
processes to manufacture additives.
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Figure 2.1. Geographical Distribution of U.S. Refineries
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2.2 INDUSTRY STUDY

OSW’s current listing determination for the petroleum refining industry has been
underway since 1992 and can be characterized in terms of two major avenues for information
collection: field work and survey evaluation. As part of the Agency’s field work,
engineering site visits, familiarization sampling, and record sampling were conducted. The
survey effort included the development, distribution, and assessment of an extensive industry-
wide RCRA §3007 survey. Each of these elements is described further below, reflecting the
relative order in which these activities were conducted over the past three years.

2.2.1 Engineering Site Visits

EPA’s field work activities were initiated with a series of engineering site visits. The
primary purpose of these visits was to gather information about the 29 consent decree
residuals and to identify appropriate sampling locations. After considering logistical and
budgetary constraints, the Agency determined that it would conduct engineering site visits at
20 refineries prior to record sampling.

The Agency defined a site selection procedure that was used in selecting the 20 site
visits from the population of 185 domestic refineries in the continental U.S.. The objectives
of the selection procedure were:

* - to ensure that the characterization data obtained from residuals at the 20 selected
facilities could be used to make valid, meaningful statcments about thosc rcsiduals
industry-wide,

* to give the Agency first-hand exposure to both large and small refineries.

® to be fair to all domestic refineries.

The Agency chose to select facilities randomly rather than purposefully. Although a
randomly selected group of refineries may not offer as many sampling opportunities as a
hand-picked group, the Agency favored random selection because it did not require
subjective input, and also because it lends itself to statistical analysis, which is useful in
making general statements about the population of residuals.

The Agency broke the industry into two strata based on atmospheric distillation
capacity and made random selections from each stratum independently. The high-capacity
stratum contains the top 30% of refineries, which together account for 70% of the refining
industry’s capacity. The stratification enables the Apency to weigh the selection toward the
larger facilities on the basis that they produce larger volumes of residuals, and that they offer
a larger number of residual streams per site visit. The Agency chose to select 12 of the 20
site visits, 60%, from the high-capacity stratum. The smaller facilities had a lower chance of
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being selected, bur nbt as low as'[hey would have if the likelihood of selection was based
strictly on size. The selected facilities are presented in Table 2,1,

An engineering site visit report was developed for each of the trips; these are
available in the CBI and non-CBI dockets, as appropriate. For the later site visits conducted
in 1994 and 1995, the engineering site visit reports were combined with the analytical data
reports prepared for each facility. The site visit reports included the following elements:

Purpose of the site visit

Refinery summary, including general information gathered during the site visit, as
well as data gleaned from telephone conversations and reviews of EPA files, the
refinery’s process flow diagram, and expected residual availability

A discussion of the processes used at the refinery generating the residuals of
concem

Source reduction and recycling techniques employed by the refinery
A description of onsite residual management facilities

A chronology of the site visit,

! Ipon initial anntact with several of the randomly selectad refineries, it was determined that they were inappropriate
candidates for site visits because they had stopped operation and were not geperating any residuals of interast to the
Agency. Replacement facilities were then selected randomly from the same stratum.

The list of refineries slated for field investigations was expanded in June, 1994 to allow the Agency to fill out
certain categories of samples that proved to be difficuit to fiod in the field. The final list presented in Table 2.1
represents those refineries at which site visits actually occurred.

Petroleum Refining Listing Determination
Final Background Document 10 October 31, 1995



{ ‘ Table 2.1. Engineering Site Visit Facilities

Refinery Location Injtial Site Visit Date
mOH Texas City, Texas March 29, 1993
Arco Ferndale, Washington June 9, 1993
Ashland Canton, Ohio May 24, 1993
Ashland Catlettsburg, Kentucky March 22, 1993
BP Oil Belle Chasse, Louisiana May 3, 1993
BP Oil Toledo, Chio May 26, 1993

Chevron (purchased by Clark) *

Port Arthur, Texas

August 31, 1994

Chevron !

Salt Lake City, Utah

February 2, 1995

Conoco ? Commerce City, Colorado To be determined
Exxon Billings, Montana June 9, 1993
Koch St. Paul, Minnesota May 19, 1993
Little America Evansville, Wyoming June 8, 1993
Marathan Garyville, Lonisiana April 22, 1993
Murphy Superior, Wisconsin May 17, 1993
Pennzoil Shreveport, Louisiana May 5, 1993

Phibro Energy *

Houston, Texas

April 20, 1995

Rock Island (purchased by Marathon)

Indianapolis, Indiana

April 26, 1993

Shell

Deer Park, Texas

March 31, 1993

Shell

Noreo, Loulsiana

April 20, 1993

Shell

Wood River, Itlinois

May 28, 1993

Star Enterprise *

Convent, Louisiana

August 30, 1994

Star Enterprise * Port Arthur, Texas Séptember 21, 1994
Sun Philadelphia, Pennsylvania May 12, 1993
Texaco Anacortes, Washington Tune 10, 1993
Total Ardmore, Oklahoma June 23, 1993
_Young Douglasville, Georgia June 21, 1993

! Refinery selected to augment record sample availability.
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2.2.2 RCRA §3007 Questionnaire

EPA developed an extensive questionnaire under the authority of §3007 of RCRA for
distribution to the petroleum refining indusiry. A blank copy of the survey instrument is
provided in Appendix A. The questionnaire was organized into the following areas:

Corporate and facility information

- Crude oil and product information
Facility process flow diagram
Process units: general information
Process units: flow diagrams and process descriptions
Residual generation and management
Residual and contaminated soil and debris characterization
Residual management units: unit-specific characterization
Unit-specific media characterization
General facility characterization (focusing on exposure pathway characterization)
Source reduction efforts
Certification

The survey was distributed in August 1993 to all refineries identified as active in
1992 in the DOE Petroleum Supply Annual. Of the 185 surveys distributed, completed
responses were obtained for 172 refineries. An additional 13 refineries notified EPA that
they had stopped operations at some point in or after 1992 and thus were unable to complete
the survey due to no staffing or inaceessible or unavailable data.

The completed surveys were reviewed by SAIC chemical engineers for completeness
and then entered into a relational data base known as the 1992 Petroleum Refining Data Base
(PRDB). The entries were subjected to a series of automated quality assurance programs to
identify inappropriate entries and missing data links, An exhaustive engineering review of
each facility’s response was then conducted, resulting in follow-up letters to most of the
industry seeking clarifications, corrections, and additional data where needed. The responses
to the followup letters were entered into the database. A wide variety of additional quality
assurance checks were run on the data, with added emphasis on the listing residuals, to
ensure that the residuals of concern were characterized as completely and accurately as.
possible. Follow-up telephone interviews were conducted as necessary to address remaining
data issues. After extensive review, the Agency believes that the data are reliable and
represent the industry’s current residual generation and management practices.

Table 2.2 describes the survey results for each of the listing residuals of concern,
sorted by total volume generated in metric tons (MT).
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Table 2.2. Listing Residuals Volume Statistics

# of Reported Total

Listing Residual Description Residuals ~ Volume (MT)
Catalyst from H2504 Alkylation 56 1,760,071
Spent Caustics from Liquid Treating 631 917,656
Off-Spec Product and Fines from Thermal Process 90 194,262
FCC Catalyst 179 124,061
FCC Fines 105 67,816
CSO Sediments 42 24,010
Crude Oil Tank Sediments 99 22,017
Catalyst from Hydrorefining 73 18,634
HF Alkylation Sludge 33 11,228
Sulfur Complex Sludge (other than Stretford) 268 8,520
Catalyst from Hydrotreating 184 5,640
Catalyst from Clansg Unit a3 3,819
Unleaded Gasoline Tank Sediments 125 3,583
Catalyst from Reforming 104 3,613
Sulfuric Acid Alkylation Sludge 13 608
Tail Gas Treating Catalyst (SCOT®-like) 23 361

2.2,3 Familiarization Sampling

The carly phases of the analytical phase of this listing determination consistea or the
development of a Quality Assurance Project Plan (QAP)P) for sampling and analysis,
followed by the collection and analysis of five "familiarization" samples. The purpose of
collecting these samples was to assess the effectiveness of the methods identified in the
QAPjP for the analysis of the actual residuals of concern. Due to the high hydrocarbon
- content of many of the RCs, there was concern at the outset of the project that analytical
interferences would prevent the contracted laboratory from achieving adequate quantitation
limits; familiarization analysis allowed the laboratories to experiment with the analytical
methods and waste matrices and optimize operating procedures.

In addition, the first version of the QAPjP identified a list of target analytes that was
derived from previous Agency efforts to characterize refinery residuals. These included the
Delisting Program’s list of analytes of concem for refinery residuals, the “Skinner List", an
evaluation of compounds detected in the sampling and analysis program for listing refinery
residuals in the 1980s, and the judgement of EPA and SAIC chemists who evaluated the
process chemistry of the residuals of concern. During familiarization sample analysis,
particular attention was paid to the tentatively identified compounds to determine whether
they should be added to the target analyte list.
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Samples of five listing residuals were collected for familiarization analysis: crude oil
tank sediments, hydrotreating catalyst, sulfur complex sludge, H,SO, alkylation catalyst, and
spent caustic, One study residual, acid soluble oil, was analyzed under this program. The
results of the familiarization effort csscntially confirmed the techniques identified in the
QAPjP and indicated that the laboratories generally would be able to achieve adequate
quantitation of the target analytes. The familiarization and final QAPjPs are provided in
dockel o this proposed rulemaking.

2.2.4 Record Sampling

Upon completion of the familiarization sampling and analysis effort, the Agency
initiated record sampling and analysis of the listing and study residuals. Given budgetary
- constraints, the Agency set a goal of collecting 4-6 samples of each of the listing residuals,
and 2-4 samples of the study residuals for a total of 134 samples®. Table 2.3 shows the 103
samples that were actually collected, The numbers in the darkened boxes refer to Table 2.4
which lists each of the sample numbers, sample dates, facility names, and other information
describing the residual samples.

The sampling team maintained monthly phone contact with the targeted refineries to
maintain an optimized sampling schedule. Despite careful coordination with the refineries.
and best efforts to identify and collect all available samples, there were several categories for
which the targeted minimum number of samples could not be collected:

® Three samples of unleaded gasoline tank sediments were collected. This residual
is available only for a brief period during tank turnarounds, which may occur
only every 10 years. In several cases, refineries informed EPA of planned tank
turnarounds only to find no sediments upon opening the tanks for inspection. See
Section 3.1.2. -

* Three samples of hydrorefining catalyst were collected. As with the unleaded
gasoline tank sediments, this residual is only generated on a periodic basis (e.g.,
every 3-5 years). Heroic efforts to locate additional samples were not expended -
because of the expecled similarity between this residual and hydrotreating
catalyst, for which 6 samples were successfully collected. As illustrated above in
Table 2.2, the PRDB indicates that there were over twice the number of
hydrotreater turnarounds (and catalyst generation events) as there were
hydrorefiners.

*  One sample of sulfuric acid alkylation sludge was collected. As is discussed
further in Section 3.5.3, the Agency believes that this residuat was

2 The Agency determined that one listing residual, catalyst from sulfuric acid alkylation, would not be sampled due
to the existing rogulatory excmption for sulfuric acid destined for reclamation, and that one study residual, catalyst from
HF alkylation, would not be sampled because the Agency believed it had been classified as a residual of concern
inappropriately based on erropeous old data.
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inappropriately misclassified as a listing residual duc to the evaluation of
inaccurate old data. This residual is not readily available, and was extremely
difficult to find.

Each of the samples collected was analyzed for the total and TCLP concentrations of
the target analytes identified in the QAPjP. In addition, certain residuals were tested for
different characteristics based on the Agency’s understanding of the residuais developed
during the engineering site visits. Each sample was also analyzed for the ten most abundant
nontarget volatile and the 20 most abundant nontarget semi-volatile organics in each sample,
These tentatively identified compounds (TICs) were not subjected to QA/QC evaluation (e.g.,
MS/MSD analyses) and thus were considered tentative. The TIC results are available in the
analytical data reports in the public docket to the proposed rule. _

2.2.5 Split Samples Analyzed by API

The American Petroleum Institute (API) accompanied the EPA contractor (SAIC) on

. virtually all sampling trips and collected split samples of many of the record samples. API’s
analytical results for a number of the samples were made available to EPA for comparison
purposes. In general, the Agency found that the API and EPA split sample analyses had
very good agreement. Appendix B presents the Agency’s comparison of the split sample
results.
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Table 2.3. Residuals Collected for Record Analysis
Exhibit 2, Impact of Potential Fall Sampling Opportunities on the Sept. 21, 1995
Petroleum Refining Listing Determinations and Industry Study Sempling Effort
Familiarization
Record Samples Samples

Listing Residuals

|

‘Crude oil tank sludge
IInleaded gm;oiina tank sludge
CS0 sludge

\FCC catalyst and fines

?C atalyst from hydrotreating
\Catatyst from bydrorefining
rCa.tal)rst from reforming
Sulfuric acid alkylation shudge
HF alkylation sludge

Sulfur complex studge
Catalyst fiomn sulfur complex
Off-spec product & finesithermal process
Spent caustic (

Study Residuals

Residual oil tank sludge

Desalting sludge

Hydrocracking catalyst

Catalyst from isomerization/extraction
Treating clay from isomerization/extraction
Catalyst from polymerization

Treating clay, alkylation (HF and H2804)-
ASQ

Off-spec sulfur

Spent amine solution

Process sludge from residual upgrading
Off-gpec product, residusl npgrading
Treating clay from lube oil-

Treating clay from clay filtering

Notes;

Sulfuric Acid Alkylation catalyst is not presented in this figure. One
familiarizatien sample of sulfuric acid catalyst was captured and analyzed.
HF catalyst is constant boiling mixture (CBM) and is not shown in this figuce.
ASO is polymer.
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Table 2.4. Descriptions of Samp..s Collected for Record Analysis

Petrojewn Refining Listing Determinations and Industry Study
Exhibit 2. List of Samples Capiured to Date /

Record Samples
Count  Residual Name
1 FCC catalyst and fines
2 Off-spec sutfur
3 Catalyst from reforming
4 Catalyst from hydrocracking
5  Desalting siudge
6  Calalysl from hydrotreating
7  Tresting clay
8 Qif-spec sulfur
9  Catalyst from sulfur complex
10 Sulfur complex sludge
I Process sludge from residual upgrading
12 FCC catalyst and fines
13 FCC catalyst and fines
i4 CSO shedge
15 Catalyst from suliur complex
16 Spent caustic
17 Spent caustic
i8 ASO
19 HF alkylation sludge
20 Treating ¢lay from alkylation
21 Catalyst from hydrorefining
22 Catalyst from reforming
23 Catalyst from sulfur complex
24 Catalysl from sulfur complex
25  Sulfur complex sludge
26  FCC catalyst and fines
27 FCC catalyst and fines
28  FCC catalyst and fines
29 Suifur complex siudge
30 Off-spec product & fines from thermal process

(98]
—_—

Treating clay

Sample
Number

R2-FC-01
R2-SP-01
R2-CR-01
R2-CC-02
R1-D3-01
R1-TC-01
R1-CF-01
R1-8P-01
R1-3C-01
Ri-ME-D1
RI-RU-01
R4-FC-01
R4-FC-02
" R4-50-01
R4-8C-01
R3-LT-01
R3-LT-02
R3-A3-01
R3-H5-01
R3-CA-01
R5-TC-01
R5-CR-01
R5-SC-01
R5-SC-02
R5-ME-02,03
R5-FC-02
Re-FC-01
R6-FC-02
Re-ME-01
R6-TP-01
Ré-CF-01

Sample .

Date

30-Sep-93
30-Sep-93
01-0ct-93
04-0ct-93
26-0¢t-93
26-0ct-93
27-0ct-93
27-0ct-93
27-0ct-93
27-0ct-93
27-0ct-93
16-Nov.93
16-Nov-93
16-Nov-93
16-Nov-93
18-Nov-93
18-Nov-93
18-Nov-93
18-Nov-93
18-Nov-93
07-Feb-54

7-Feb-94
‘07-Feb-94

07-Feb-94
07-Feb-94
07-Feb94
09-Feb-94
09-Feb-94
(9-Feb-94
09-Feb-94
09-Feb-94

17

21-Sep-935

Notes

ESP Fines.

Taken from low spois on the unit.
Platinum catalyst.

2nd stage, Ni/'W.

Removed from vessel.

Naphtha reformer pretreat, CcMo.
Kerosene.

From product tank.

Al203.

MEA redaimer botioms.

ROSE butane surge tank studge.
Equilibrium cat. from hopper.

ESP fines. wuck treler comp.
Tank studge from pad.

Claus unit ahumina, super sack comp.
Tank samp. Cresylic, concentrated.
Tank samp. Sulfidic, concentrated.
Non-neutralized, separator drum sample
Mot dewsatered. Dredge from pit.
HF. Propane treater. Drum composite.
Heavy Gas Oit, CoMo

CCR fines, Pt

Claus

Tail gas, CoMo

Refinery MDEA filter cartridge
Wet Scrubber Fines

Equil. from it

Wet scrubber fines

Refmery DEA fifter cartridge
Coke fines.

Kerosene

CLipc

Shell, Wood River, iHinois
Shell, Wood River, Iilinois
Sheil, Wocd River, [Hlinois
Shelt, Woed River, [ilinois
Marathen, Indianapolis
Marathcn, Indianapolis
Marathen, Indianapolis
Marathan, [ndianapotis
Marathan, Indianapalis
Marathon, Indianepaolis
Marathen, Indianepolis

Litile America, Evansville, Wy
Little America, Evansville, Wy
Litle America, Evansvilie, Wy

' Little America, Evansville, Wy

Exxon, Biilings, Montana
Exxon, Billings, Montana
Exxon, Bitlings, Montana
Ewon, Billings, Monlana
Exxon, Bitiings, Montana
Marathon, Garyville, LA
Marathon, Garyvillke, LA
Marathon, Garyville, LA
Marathon, Garyville, LA
Marathon, Geryvilke, LA
Marathon, Garyvilic, LA
Shell, Norco, LA

Shefl, Norco, LA

Shetl, Norco, LA

Sheli, Norco, LA

Shell, Norce, LA




Table 2.4. Descriptions of Samples Collected for Record Analysis (continued)

Spent caustic

Crude oil tank sludge
Unleaded gasoline tank sludge
Calalys from polymenzation
Catalyst from hydrorefining
Calalyst from reforming

ASO ‘
Calalys! from isomenzation
Off-spec sulfur

Residual oil tank sludge
Unleaded gesoline tank sludge
Catalys from hydrocracking
Catalyst from hydrotreating
Oif-spec product & fines from thermal processes
H2S04 alkylation sludge

HF alkylation sludge

~ Catalyst from isomerization

CS50 sledge

Desalting sludge

HF ulkylation sludge
Calalyst from sulfiur complex
Crude eil tank sludge
Calalys! from sulfiar complex
Caialyst from hydrotreating
Catalyst from reforming
Trealing clay

Spent amine

~ Off-spec product & fines from thermal processes-

Treating clay from lube oil

Spent amine

Spent caustic

Of-spec product & fines from thermal processes
Spent caustic

Unleaded gasoline tank sludge

Catalyst from polymenzation

Crude o} tank sludge

Treating clay from extraction

Catalyst from hydrotreating

R6-1.T-0}
R6B-CS-01
R6B-US-01
R6B-PC-01
R7B-RC-0!
R7B-CR-01
R5B-AS-01
R5B-1C-01
R7B-SP-01
RBA-RS-01
RBA-US-01
RBA-CC-01
RBA-TC-01
R8A-TP-01
R8B-S5-01
R8B-HS-01
R8B-IC-01

R9-S0-01,02

R9-D3-01
R9-HS-01

R7B-SC-01
R10-CS-01
R11-SC-01
R11-TC-
R11-CR-01
R11-CF-01
R11-SA-01
R11-TP-01
R13-CL-01
R13-8A-01
RI3-LT-01
R12-TP-01
R12-LT-01
R16-Us-01

R16-PC-01,02
R8C-CS-01
R8D-CL-01
RI8-TC-0!

09-Feb-94
15-Mar-94
March 31, %4
March 15, 24
March 14, 94
March i<, 94
March 16, 94
March 16, 94
March 14, 94
Apni 30, 94
April 14, 1994
March 30, 94
dMarch 30, 94
March 30, 94
April 30,94
April 30,94
April 30,94
May 17,94
May 17,94
May 17,94
March 14, 94
August 26, 94
May 10, 94
May 10, 54
May 10,94
May 10,94
May 10, 34
May 10,94
April 30,94
Apnl 30,94
Aprif 30,94
May 12,94
May 12,94
Aug 3, 94
Aug 3, 94
Jui, %4

November 15, 94
October 20, 94

ib

Naph. Comb, Gas oil & Kere
Mix of centrifuge ard uncentrifuged

Water washed solids, coilected by refiner

Dimerso} filter
Diesel hydrorefiner
Plattnum

Acid regen settler botioms, nol neutralize

Butamer, platinum

From cleaned out tank

CS0 and Resid.

Collected by refinery
Hydroproc., 1st stage cracker, CoMo
NiMo, landfiiled

Fines, F&K processad

From Frog pond, no! dewatered
Not dewatered, dredged
Butamer, Pt

Filters (ard blank)

SCOT catalyst

SCaT, CoMo
NiMo, naphtha ureater
PtRh

Reformer suifur wap
DEA

Coke fines

Clay dust

DEA

Sulfidic

Coke fnes, from trap
Cresytic

2 catalysts from Dimersol and H2P04
coilected by refinery from tank bottormn
collected by refimery

naptha

Shei, Norco, LA

Sheli, Norco, LA

Shell, Norco, LA

Shell, Noreo, LA

BP, Belle Chase, LA
BP, Bell: Chase, LA
Marathoa, Garyville, LA
Marathon, Garyville, LA
BP, Bellz Chase, LA
Amoco, Texas City
Amuoco, Texas City
Amoco, Texas City
Amoco, Texas City
Amoco, Texas City
Amoco, Texas City
Amoco, Texas City
Amoco, Texas City
Murphy, Superior, Wl
Murphy, Superior, Wi
Murphy, Superior, W1
BP, Belle Chase, LA
Ashland, Catletsburg, KY
ARCO, Ferndale, WA
ARCO, Ferndale, WA
ARCO, Ferndale, WA
ARCO, Ferndale, WA
ARCO, Ferndale, WA
ARCQ, Ferndale, WA
Shell, Deer Park, TX
Shell, Deer Park, TX
Shell, Deer Park, TX
Texaco, Anacortes, WA
Texaco, Anacortes, WA
Koch

Koch

Amoco, Texas City
Amoco, Texas City
Ashland, Canton, (M|
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Table 2.4. Descriptions of Samples

Sulfur complex sludge
Catalyst from isomenzation
CS0 sludge

Crude ail tank sludge

HF alkviation sfudge
Calalyst from refonming
Treating clay from alkylation
ASO

Spent amine

Catalysi from reforming
Sulfur eomplex studge
Off-spec product & fines from thermal processes
Spent amine

Catalyst from hydiotreating
Off-spec product & fines from thermal processes
Catalyst from hydiorefining
Treating clay from alkylation
Catalyst from hydrocracking
CS0 sludge

Crude al tank sludge
Desaiting sludge

Crude al tank sludge
Residuadl oil tank studge
ASO

Catalyst from hydrotrealing
Spent canstic

"HF alkylation sludge

Catalyst from isomerization
Treating clay from isomerizstion
Treating clay fron: alkylatior
Off-spec sulfur

Treating clay from clay Klternng
Desalting sludge

R18-ME-01
RI18-iC-01
R1B-CS-01
R4B-CS-01
R15-HS-01
RI1S-CR-01
R15-CA-01
RI15-AS-01
R15-5A-01
R14-CR-01
R14-ME-01
R14-TP-0i
R14-SA-0
R3B-TC-01
R3B-TP-01
R21-RC-01
R21-CA-01
R20-CC-01
R20-50-01
R19-C$-01
R11B-DS-01
R22-CS-01
R22-R5-01
R7C-AS-01
R22-TC-0I
R22B-LT-01
R7C-HS-01
R23B-CL-01
R23B-IC-01
R23-CA-01
R23-SP-01
R23-CF-01
R24-DS-01

October 14, 94
QOctober 20, ¥4
August 26, 94
Aupgusi 25,94
Aug 2,94
Aug 2, 94
Aug 2,94
Aug 2,94
Aug 2. 94
June 7,94
June 7,94
June 7,94
Jme 7,94
July 12,54
July 12, 94
August 31, 94
Aupgust 31, 94
August 3C, 94
August 3G, 94
September, 94
September, 94

Seplember 21, 94
September 21, 94

October 12, 94

September 21, 94

October 11, 94
October 12, 94
Apnl 19, 1995
April 19, 1995
January 17, 95
January 17, 95
January 17, 95
April 20, 1995
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MEA sludge, celiected by refinery
Penex

mixed CS0/res:d

Fiiter cake sludge
Dredged from pit

CCR fines

Butane

Neut., skimmed from pit
MDEA - '

Cyclic Pt zeformer

DEA diatemaceous earth
Delayed coking fines
DEA from sump

Naptha treater

Flnd coker chunky coke

H-Oil unit, moving ted

{0 be collected by refinery

caustic from H2504 atky, sulfidic
Filter press

PLcatalyst

Mote sieve, butamer [eed treater

propane lieater

diesei washed -
Studge from Lakos szparator

JMHected for Record Analysis (continued)

Ashland, Canton, Ol
Ashland, Canton, O
Marathon, Indianapaslis
Little America

Total, Ardmore, OK
Total, Ardmore

Totai, Ardmore

Total, Ardmore, OK
Total, Ardmore, OK
BP, Toledo, OH

BP, Toledo, OH

BP, Teledo, OH

BP, Toledo, Ol
Exxon, Billings, MT
Exxon, Billings, MT
Chevron, Port Adhur, TX
Chevron, Port Arihur, TX
Star, Conwvent, LA

Star, Convent, LA

BP, Belle Chase, LA
ARCO, Ferndale, WA
Star, Port Arthur, TX
Star, Porl Arthur, TX
BP, Belle Chase, LA
Star, Port Arthur, TX
Star, Por Arthur, TX
BP, Belle Chase, LA
Chevron, Salt Lake City
Chevron, Salt Lake City
Chevron, Sait Lake City
Chevron, Salt Lake City
Chevron, Salt Lake City
Phibro, Housion, TX



Familiarization Samples
F1  Spent Caustic
F2  Catalysl from hydrotreating
F3  Sulfur complex sludge
F4 ASO
F5  Crudeoil tank sludge
F6  Sulfuric Acid Catalyst

Table 2.4. D&criptions of Samples Collected for Record Analysis (continued)

A-SC-01
A-HC-0!
C-55-01
C-AS-01
B-T5-01
B-5A-01

08-May-93
10-May-93

- 23-hin-93

23-lun-93
15-May-93

15-May-93

Cominglzd.

Cobalt rrolybdenum.
MEA Reclaimer sludge.
Neutralized.

Filter cake.

Spent frem third unit.

Marathon, Garyville
Marathon, Garyvilie
Amoco, Texas City
Amoco, Texas Ciy
Sun, Philadeiphia
Sun, Philadelphia



3.0 PROCESS AND WASTE DESCRIPTIONS

Refineries in the United States vary in size and complexity and are generally geared
to a particular crude slate and, to a certain degree, reflect the demand for specific products in
the general vicinity of the refinery. Figure 3.1 depicts a hypothetical refinery that employs
the major, classic unit operations used in the refinery industry. These unit operations are
described briefly below, and in more detail in the remainder of this section. Each subsection
is devoted to a major unit operation that generates one or more of the listing residuals of
concern and provides information related to the process, a description of the residual and
how and why it is generated, management practices used by the industry for each residual,
the results of the Agency’s characterization of each residual, and summary information
regarding source reduction opportunities and achievements,

Storage Facilities: Large storage capacities are needed for feed and products.
Sediments can accumulate in these storage units, The consent decree identifies sediments
(sludges) from the storage of crude oil, clarified slurry oil, and unleaded gasoline for
-consideration as listed wastes. Residual oil storage tank sediments were identified as a study
residual.

Crude Desalting: Clay, salt, and other suSpended solids must be removed from the
crude prior to distillation to prevent corrosion and deposits. These materials are removed by
water washing and electrostatic separation. Desalting sludge is a study residual.

Distillation: After being desalted, the crude is subjected to atmospheric distillation,
separating the crude by boiling point into light ends, naphtha, middle distillate (light and
heavy gas oil), and a bottoms fraction. The bottoms fraction is frequently subjected to
further distillation under vacuum o increase gas oil yield. No residuals from distillation are
under investigation. ‘

Catalytic Cracking: Catalytic cracking converts heavy distillate to compounds with
lower boiling points (e.g., naphthas), which are fractionated. Cracking is typically
- conducted in a fluidized bed reactor with a regenerator to continuously reactivate the catalyst.
Cracking catalysts are typically zeolites, The flue gas from the regenerator typically passes
through dry or wet fines removal equipment prior to being released to the atmosphere.
Catalyst and fines, as well as sediments from storage of clarified slurry oil (the bottoms
fraction from catalytic cracking), are listing residuals of concern.

Hydrapraocessing: Hydroprocessing includes (1) hydrotreating and hydrorefining
(or hydrodesulfurization), which improve the quality of various products (e.g., by removing
sulfur, nitrogen, oxygen, metals, and waxes and by converting olefins to saturated
compounds); and (2) hydrocracking, which cracks heavy materials, creating lower-boiling,
more valuable products. Hydrotreating is typically less severe than hydrorefining and is
applied to lighter cuts. Hydrocracking is a more severe operation than hydrorefining, using
higher temperature and longer contact time, resulting in significant reduction in feed
molecular size. Hydroprocessing catalysts are typically some combination of nickel,
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molybdenum, and cobalt. Typical applications of hydroprocessing include trealing disdllate
to produce low-sulfur diesel fuel, treating naphtha reformer feed to remove catalyst poisons,
and treating catalytic cracking unit feed to reduce catalyst deactivation. Hydrotreating and

hydrorefining catalysts are listing residuals, while hydrocracking catalyst is a study residual.

Thermal Processes: Thermal cracking uses the application of heat to reduce high-
boiling compounds to lower-boiling products. Delayed (batch) or fluid (continuous) coking
is essentially high-severity thermal cracking and is used on very heavy residuum (e.g.,
vacuum bottoms) to obtain lower-boiling cracked products. (Residuum feeds are not
amenable to catalytic processes because of fouling and deactivation.) Products are olefinic
and include gas, naphtha, gas oils, and coke. Visbreaking is also thermal cracking; its
purpose is to decrease the viscosity of heavy fuel oil so that it can be atomized and burned at
lower temperatures than would otherwise be necessary. Other processes conducting thermal
cracking also would be designated as thermal processes. Off-spec product and fines is a
listing category from these processes.

Catalytic Reforming: Straight run naphtha is upgraded via reforming to improve
octane for use as motor gasoline. Reforming reactions consist of (1) dehydrogenation of
cycloparaffins to form aromatics and (2) cyclization and dehydrogenation of straight chain
aliphatics to form aromatics. Feeds are hydrotreated to prevent catalyst poisoning.
Operations may be semiregenerative, cyclie, or, less frequently, fully-regenerative,
continuous, or moving bed catalyst systems. Precious metal catalysts are used in this
process. Spent reforming catalyst is a listing residual.

Polymerization: Polymerization units convert olefins (e.g., propylene) into higher
octane polymers. Two principal types of polymerization units include fixed-bed reactors,
which typically use solid-supported phosphoric acid as the catalyst, and Dimersol® units,
which typically use liquid ofganometallic compounds as the catalyst. Spent polymerization
catalyst is a study residual.

Alkylation: Olefins of 3 to 5 carbon atoms (e.g., from catalytic cracking and coking)
- react with isobutane (e.g., from catalytic cracking) to give high octane products. Sulfuric
(H,S0,) or hydrofluoric (HF) acid act as catalysts. Spent sulfuric acid, sulfuric acid
alkylation sludges, and HF sludges are listing residuals, while spent HF acid, acid soluble oil
and treating clays are study residuals. ' '

Isomerization: Isomerization converts straight chain paraffins in gasoline stocks into
higher octane isomers, Isomer and normal paraffins are separated; normal paraffins are then
catalytically isomerized. Precious metal catalysts are used in this process. Spent catalysts
and treating clays are study residuals from this process.

Extraction: Extraction is a separation process using differences in solubility to
separate, or extract, a specific group of compounds. A common application of extraction is
the separation of henzene from reformate. Treating clay is a study residual from this
process,
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Lube Oil Processing: Vacuum distillates are treated and refined to produce a variety
of lubricants, Wax, aromatics, and asphalts are removed by unit operations such as solvent
extraction and hydroprocessing; clay may also be used. Various additives are used to meet
product specifications for thermal stability, oxidation resistances, viscosity, pour point, etc.
Treating clay is a study residual from this process.

Residual Upgrading: Vacuum tower distillation bottoms and other residuum feeds
can be upgraded to higher value products such as higher grade asphalt or feed to catalytic
cracking processes. Residual upgrading includes processes where asphalt components are
separated from gas oil components by the use of a solvent. It also includes processes where
the asphalt value of the residuum is upgraded (e.g., by oxidation) prior to sale. Off-spec
product and fines, as well as process sludges, are study residuals from this category.

Blending and Treating: Various petroleum components and additives are blended to
different product (e.g., gasoline) specifications. Clay and caustic may be used to remove
suifur, improve color, and improve other product qualities. Spent caustic is a listing
residual, while treating clay is a study residual. '

Sulfur Recovery: Some types of crude typically contain high levels of sulfur, which
must be removed at various points of the refining process. Sulfur compounds are converted
to H,S and are removed by amine scrubbing, The H,S typically is converted to pure sulfur
in a Claus plant. Off-gases from the Claus plant typically are subject to tail gas treating in a
SCOT® unit for additional sulfur recovery. Process sludges and spent catalysts are listing
rcsiduals;  off-spec product and off-spec treating solutions are study residuals.

Light Ends (Vapor) Recovery: Valuable light ends from various processes are
recovered and separated. Fractionation can produce light olefins and isobutane for
alkylation, n-butane for gaséline, and propane for liquid petroleum gas (LPG). No residuals
from this process are under investigation for either the listing determination or the study.
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3.1 TANK STORAGE RESIDUALS

Almost every refinery stores its feed and products in tanks onsite. Occasionally
(every 10 to 20 years), tanks require sediment removal due to maintenance, inspection, or
sediment buildup. These tank bottoms are removed by techniques ranging from manual
shoveling to robotics and filtration. '

3.1.1 Crude Oil Storage Tank - Residual 1

In 1992, U.S. refineries reported approximately 1,200 crude oil storage tanks with an
average tank volume of about 163,000 barrels. DOE'’s Petroleum Supply Annual 1992
reported refineries processed just under 5 billion barrels of crude oil or approximately 13.4
million barrels per day.

3.1.1.1 Description

Crude oil tank sediment consists of heavy hydrocarbons, basic sediment and water
(BS&W), and entrapped oil that settles to the bottom of the tank. It can be manuafly re-
moved directly from the tank after drainage of the crude or, commonly, removed using a
variety of oil recovery techniques. The recovered oil is returned generally to crude storage
while the remaining solids are collected and discarded as waste.

Once a tank is taken out of service, many refineries use in situ and ex situ oil
recovery techniques. Common in sizu oil recovery techniques include hot distillate washing,
and steam stripping. This allows entrapped oil to float to the top of the sediment layer and
be recovered prior to removal of the sediment from the tank, Ex situ recovery methods are
usually performed by a contractor at the tank site and include filtration, centrifuging, and:
settling. Separated oil is recycled back to the process or sent to the slop oil tanks, and the
water phase is sent to the wastewater treatment plant (WWTP). The solids are managed in a
variety of ways, inCluding disposal at Subtitle C and D landfills and in land treatment units,

Many refineries reduce tank bottom buildup With in- e m——
tank mixers. Mixers keep the sediments or solids
continuously in suspension so that they travel with the crude
oil to the refining process. The solids are then carried 10 the i ———————————
desalter where the de-emulsifiers remove them from the
crude. This increases the volume of desalting sludge generated.

In 1992, thirty-three percent of the volume of crude tank bottom sediment was
reported to be managed as hazardous. A majority of the residuals were reported as
exhibiting the toxicity characteristic for benzene (D018) and/or were ignitable.
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3.1.1.2 Generation and Management

The refineries reported generating 22,017 MT of crude oil tank bottom sediment in
1992, Residuals were assigned to be "crude oil wnk sediment” if they were assigned a
residual identification code of “crude oil tank sediment,"” corresponding to residual code 01-A
in Section VII.2 of the questionnaire. Process wastewaters, decantates, and recovered oils
(e.g., from deoiling or dewatering operations) were eliminated from the analysis. 'These
correspond to residual codes 09, 10, and 13 (new) in the questionnaire. Quality assurance
was conducted by ensuring that all crude oil tank sediments previously identified in the
questionnaire (i.e., in Section V.D) were assigned in Section VIL.2. Table 3.1.1 provides a
description of the quantity generated, number of streams reported, number of unreported
volumes, and average and 90th percentile volumes.

Plausible management scenarios were chosen by EPA on which to perform the risk
assessment modeling. The scenarios were chosen based on the numerous "high potential
exposure" disposal practices currently used which negated the need for projecting
hypothetical "plausible™ mismanagement. Given the Agency’s past experience with risk
assessment modeling, the management practices summarized in Table 3.1.1 were reviewed to
identify those practices likely to pose the greatest threats to human health and the
environment. The selected management practices are;

Onsite land treatment (used for 12.2% of the sediments)
e QOffsite land treatment (used for 0.9% of the sediments)
e  Offsite Subtitle D landfilling (10.6% of sediments)

An onsite monofill scenario was rejected because of the intermittent (every 10 years)
generation frequency which is not typical of waste that tends to be monofilled.

A summary of EPA’S reasoning in selecting pathways for quantitative risk assessment
modeling is presented in Table 3.1.2, The Agency did not model interim storage of crude
oil tank sediment because of the infrequency of residual generation and the relatively short
time-frame during which the residual is stored onsite prior to final management. EPA
observed a number of tank turnarounds during engineering site visits and sampling trips.
The refineries generally allotted four to six weeks for a tank turnaround. The first few
weeks of the turnaround are used for draining down the tank, in situ oil recovery, and
preparing the tank for entry. Tank sediments then are removed from the tank (via
vacuuming, shovel), sometimes de-oiled (via centrifuge or filter press), and placed in
dumpsters, The Agency believes that refineries are motivated to move these dumpsters off
of the tank facilitiés (and to final management) as quickly as possible due to financial
constraints (e.g., cost of container rental, contractor costs) and space constraints. As a
result, the sediments are probably stored onsite for less than a month prior to final _
management. Because this time period is so limited, the Agency assumed that the potential
for contaminant release and exposure at levels of concern was insignificant in comparison
with the long-term risks associated with landfilling and land treatment. Therefore, on-site
storage was not modeled in the Agency’s risk assessment,
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Table 3.1.1. Generation Statistics for Crude Oil Tank Sediment

1

Total Crude Qil Tank Sediment

Final Management # of # of Total Average 90th
Streams | Unreported Volume Volume Percentile
Yolume MT) (MT) Volume
Streams (MT)
Discharge to onsite WWTP; 5 0 2,118 529.5 2,115°
discharge to surface water under
NPDES
Disposal offsite in Subtitle D 19 6 2,337.6 123 347
landfill
Disposal onsite Subtitle C 1 0 117 117 117
landfill
Disposal offsite in Subtitie C 28 2 3,785.6 135.2 400
landfill
Discharge to onsite WWT; 1 0 132 132 132
effluent discharged to
evaporation pond
Offsite incineration’ 2 0 116 58 82.1
Offsite land treatment 6 1 199 33 100
Onsite lapd treatment 14 3 2.685.6 192 537.5
" Transfer for use as fuel 4 1 578.6 144.6 529
Transfer for use as ingredient in 2 0 43.6 © 22 32
products placed on the fand :
Transfer with refinery product 1 0 150 150 150
Transfer to other offsite entity 1 0 63.9 63.5 63.5
Recovery onsite! 14 15 9,676 666.5 1,000
Other reuse/cover for onsite 1 0 14.6 14.6 14.6
landfill
99 28 22,017 222 400

Other recovery onsite includes recovery in catalytic cracker, coker, or distillation units or in asphalt
production.
7 Sediment removed from tank and trucked to WWTP where it is bled into the treatment system to avoid
overloading the biclogical treatment system.
3 Hazardous waste incinerators.
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Table 3.1.2. Selection of Risk Assessiment Modeling Scenario:
Crude Oil Tank Sediment

|1

— T

Management

Basis for Consideration in Risk Assessinent

Discharge to cnsite WWTP; discharge to surface
water under NPDES '

e |

Not modeled. Wastewater discharge is exempt. Air
pathways controlled by Bengene NESHAPs. lmpact
on WWTP expected to be minimal due to small
volume of waste in relation to the total volume of
wastewater typically treated. Sediments would be ~
captured by existing hazardous waste listings and
further controlled by the Phase [V 1 DR standards
when the sediments exhibit any of the characteristics.

Disposal offsite in Subtitle D landfill

Modeled

Disposal offsite in Subtitle C landfill

Not modeled, already managed as hazardous - no
incremental risk to.control

Dispaosal onsite Subtitle C fandfill

Not modeled, already managed as hazardous - no
incremental rsk to control

Discharge to onsite WWT; effluent discharged to
evaporation pond

Not modeled, wasts is discharged to wastewater
treatment (see above). Minimal volume, reported only
by coe facility.

Recovery onsite!

Proposed excluded management practice

Dffsite land treatment

Medeled

Onsite land treatment

Modeled

Transfer for use as fuel

Not modeled. Already regulated if characteristic,
Minimal volume reported.

" Transfer for use as ingredient in products placed
on the land ‘ '

Not modeled. Already regulated if characteristic.
Minimal volume and already modeled land application
in land treatment scenario.

Transfer with refinery product

Not modeled. Proposed axcluded management
practice,

Offsite incineration

Not modeled, hazardous waste Incineration - no
incremental risk to control

Recovery onsits via distillation

Not modeled, ¢xempt management practice

Transfer to other offsite sotity

Nout wodeled, exempt management practice. Minimal
volume.

Qther reuse/cover for onsite landfill

Not modeled. Minimal volume, unlikely to present
risk. Land application and landfill scenarios modeled.
e —

—
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The characterization dala for the management units and their underlying aquifers were
collected in the §3007 survey. Table 3.1.3 provides a summary of the data for the targeted

management practices used in the risk assessments for the crude oil tank sediments.
Appendix C summarizes §3007 data regarding runon/runoff controls for these units.

Many refineries conduct de-oiling of crude oil tank sediment, both before and after
removal from the storage tank. The Agency evaluated whether de-oiling has any impact on
the risks associated with the disposed sediment. The Agency hypothesized that de-oiling
might reduce toxicant concentrations for certain toxicant fractions (e.g., volatiles), although
others could be concentrated (e.g., metals). Samples were collected of sediments with and
without de-oiling after removal from the storage tanks (described further in Section 3.1.1.3).
Total oil and grease content was analyzed for each sample (see also Section 3.1,1.3).

The following conclusions were reached regarding the effects of de-oiling on the risks
associated with this residual:

(1) De-oiling reduces volume, which, if all other factors were held constant, would
tend to reduce the risk modeled. The average de-oiled crude oil tank sediment
volume is 120 MT, while the average oily sediment volume is 350 MT.

(2) De-oiled sediments are predominantly sent for onsite land treatment (37%),
disposed offsite in a Subtitle D landfill (24 %), or disposed offsite in Subtitle C
landfill (17%). Oily sediments are more liked to be recycled to the process (57%),
disposed of in an offsite Subtitle C landfill (17%), and discharged to onsite WWTP
(14%).

(3) The oil and grease levels remaining in the sediment after de-oiling are highly
variable among refinéries (4.87 to 41.1 percent), even when similar techniques are
used. One de-oiled record sample had oil and grease concentrations at the same level
as another oily record sample.

(4) The Agency observed a wide range of effectiveness and combinations of in situ
and ex situ techniques. At certain refineries (perhaps many), centrifuging and other
types of mechanical de-oiling techniques are only used on those sediments which fail
the “paint filter test” which is used as a surrogate for recoverable oil. As a result, the
upper layers of tank sediment are subjected to ex situ de-oiling, while the lower layers
are not de-oiled. Tank operating conditions may also affect sediment content, such as
the use of in-tank mixers and ambient temperature at the time of sediment removal.

After considering all of these factors, the Agency determined that differentiating
between oily and de-oiled sediments was inappropriate.
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Table 3.1.3. Management Practices Targeted for Risk Assessment
Parameters # of # of RC # RC w/ Total 10th % 50th % 90th %
fac., Unreported Volume Volume Volume Volume
Volume ™MD (MT) ™ ™M)
| [——
Offsite Subtitle D 12 19 6 2.337.6 - 29.75 632
Landfil®
Offsite Land 4 & 1 199 — 44 100
Treatment Unit*
Onsite Land 9 14 3 2,685.6 o 38 1,839
Treatment Unit"
Characteristics
Surface Area (acres) 3.5 14.5 32
Depth of Incorporation (in) 6 9.5 13,5
Amount Applied (1992 MT)* | 0.3 272 12,000
Methods of Incorporation: Disking (16)
Subsurface Injection (1)
Springtooth Harrow (1)
# of Landfills; 18
Aquifer Information
Depth to Aquifer (1) 12.5 17.5 150
Distance to Private Well (ft) 2,000 9,000 26,400
Papulation Using Private Well 0 1.5 300
Distance to Public Well (ft) 2,000 18,480 32,800
Popuiation Using Pubiio Well 250 250 250
# of Aquifers: 14
Source: Public ivate
Unreported 9 7
Uppermost 1 3
Lowermost 4 4
Combination - -
Classification of Uppermost Aquifer:
Current or potentizl source of drinking water (4)
Not considered & potential source of drinking water (9)
Unreported (1)

! The number of ansite land treatment units characterized in Table 3.1.3 is greater than indicated in Table 3.1,1 which
focuses only on volumes generated in 1992. Table 3.1.3 incorporates data from all onsite land treatment units receiving

crude oil tank sediment in any year reported in the 83007 survey.

% Volumes represent the average volume of all wastes applied to the land treatment units accepting the crude tank sediment
and not just the tank sediment alone.
} 'The mean and 90th percentile wera determined by using o management unit loading method (i.e., more than cne waste

stream from one refinery may be disposed of in one management unit causing the 90th percentile number actually to be the
sum of 2 or 3 waste volumes). .
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Table 3.1.4. Crude Oil Tank Sediment Physical Properties
# of RC # of 10th % Mean 90th %
Properties Unreported
Values
pH 116 182 6 7.4 8.6
Reactive CN, ppm 66 232 0.1 34.5 120
Reactive S, ppm 32 216 0.1 232.4 500
Flash Point, °C 101 196 29.4 70 100
Oil and Grease, vol % 106 192 3 34.3 80
Total Organic Carbon, vol% 39 259 0 23 65
Viscosity, 1b/[i-sec 5 289 0.02 12.5 50
Specific Gravity 76 222 0.84 1.52 1.86
BTU Coutcut, BTU/Ib 54 244 100 7,281 14,499
Aqueous Liguid, % 154 144 0 19.2 50
Organic Liquid, % 157 141 0 318 80
Solid, % 190 108 9.5 54.5 100
Tarticle >60 mm, % 21 277 o 19.2 100
Particle 1-60 mm, % 24 274 0 18.5 50
Pasticle 100 um-1 mm, % 24 274 0 52.25 98
Particle 10-100 ym, % 24 274 0 17.2 45
Particle <10 pm, % 17 281 0 1 7
Mean Pariicle Diameter, microns 13 284 10 1,683 1000

3.1.1.3 cleri

Two sources of residual characterization were developed during the industry study:

. Tablc 3.1.4 summarizes the physical properties of the crude oil tank sediment

as reported in Section VII.A of the §3007 survey.

. Six record samples of actual sediments were collected and analyzed by EPA.,
These sediments represent the various types of oil recovery typically used by

the industry and are summarized in Table 3.1.5.
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Table 3.1.6 provides a summary of the characterization data collected under this
sampling effort. All the record samples collected are believed to be representative of the
crude oil tank sediment as generated. The samples collected of the composite of oily and de-
oiled sediment are representative of industry de-oiling practices, It is common practice for
the refinery to recover oil from the top layers of sediment where there is a high percentage
of free oil, but as the top layers are removed the bottom layers will contain less free oil and
moire asphaltenes. At most refineries, the paint filter test is performed on the sediment
throughout the tank cleaning/sediment de-oiling process. Once the sediment passes the paint
filter test, the sediment de-oiling (centrifuging/filtering) process is stopped and the remainder
of the sediment is removed directly from the tank without de-oiling. Therefore, refineries
may perform oil recovery only at the beginning of tank cleaning operations.

As illustrated in Table 3.1.6, two samples exhibited the characteristic for benzene.
Oil and grease content ranged between 4 and 41 percent. Only constituents detected in at
least one sample are shown in this table.

Table 3.1.5. Crude Oil Tank Sediment Record Sampling Locations
W
Sample No. | Facility Description: Qil Recovery Oil & Grease
. Content
R6B-CS-01 | Shell, Norco, LA Composite of non-centrifuged | 24.2%
and centrifuged sediment.
R10-CS-01 Ashiand, Catlettsburg, | Liquidized and recycled to the | 41.1%
KY catalytic cracker. Sample
collected prior to liquification.
R3C-CS-01 | AMOCO, Texas City, | Collected directly from the 24.7%
X tank by refinery personnel.
R4B-CS-01 | Little America, Composite of centrifuged and | 15.4%
Casper, WY non-centrifuged sediment.
R19-CS-01 | Pennzoil, Shreveport, | Filtered. 14.4%
LA ‘
R22-CS-01 | Star Enterprises, Port | De-oiled using a shaker, 4.87%
Arthur, TX
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3.1.1.4 =0urce Reducrion

In situ oil recovery techniques can greatly reduce the total amount of crude oil tank
sediment to be disposed as well as reduce volatile constituents such as benzene. As
discussed above, recovery methods include distillate washing, nonpetroleum solvent washing,
water wash with surfactant, and steam stripping. These operations allow entrapped oil to
float to the top of the sediment layer and be recovered prior to removal from the tank.
Separated oil is recycled back to the process or sent to the slop oil tanks, and the water phase
is sent to the WWTP.

As reported in the §3007 survey, the average amount of oily sediment (not
centrifuged/filtered/settled) penerated is 350 MT while the average quantity for sediment that
was centrifuged, filtered, or settled was 120 MT, a 66% volume reduction.

Another method to reduce tank bottom buildup in tanks is to install mixers. Mixers
keep the sediments or solids continuously in suspension so that they travel with the crude oil
to the refining process. The solids are then carried to the desalter where they result in an
increase the volume of desalting sediment generated.
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3.1.2 Unleaded Gasoline Storage - Residual 2

In 1992, 146 U.S. refineries reported approximately },400 unleaded gasoline storage
tanks with an average capacity of 237,000 barrcls, according to the §3007 survey., The
survey requested that the refineries report only finished product tanks and not tanks that store
intermediate products such as alkylate. Facilities that did not report unleaded gasoline
storage include tube plants, asphalt plants, and facilities that do not perform finished gasoline
blending onsite,

3.1.2.1 Description

Approximately every 10 years, gasoline storage tanks are taken out of service to
inspect the tank’s integrity. At that time, the product is drained from the tank and the tank is
cleaned.

Unleaded gasoline tank sediment consists of tank scale and rust. A typical cleaning
procedure is to wash the inside of the tank with water (to decrease occupational benzene
levels), discharging the water to the sewer, and sweep or scrape the remaining solids for
disposal. It is not uncommon for no solids to be generated.

As with crude oil storage tanks, mixers are also installed in unleaded gasoline tanks to
reduce tank bottoms sediment accumulation. However, due to the nature of the gasoline
production process, very few solids should be in the gasoline.

Once the tank sediment has been removed and any repairs have been made, some
refineries paint the tank’s interior with an epoxy to protect the tank and reduce rust and scale
generation.

In 1992, 25 percent of the volume of unleaded gasoline sediment was reported to be
hazardous. A majority of these residuals were reported as exhibiting the toxicity
characteristic for benzene (D018) and/or the ignitability characteristic.

3.1.2.2 Qeneration_and Management

The refineries reported generating 3,583 MT of unleaded gasoline tank bottom
sediment in 1992. Residuals were assigned to be "unleaded gasoline tank sediment” if they
were assigned a residual identification code of "unleaded gasoline tank sediment,"
corresponding to residual code 01-C in Section VII.2 of the questionnaire. Process
wastewaters and decantates (e.g., from deoiling or dewatering operations) were eliminated
from the analysis. These correspond to residual codes 09 and 10 in the questionnaire.
Quality assurance was conducted by ensuring that all unleaded gasoline tank sediments
previously identified in the questionnaire (i.e., in Section V.D) were assigned in Section
VII.2. Table 3.1.7 provides a description of the quantity generated, number of streams
reported, number of unreported volumes, and average and 90th percentile volumes.
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Table 3.1.7. Generation Statistics for Unleaded Gasoline Tank Sediment
T A P TR |
Final Management #of ¥ of Total Average 90th
Streams | Unreported Yolume Yolume Percentile
Yolume (MT) (MT) Volume
Streams (MT)
Discharge to onsite WWTP; 186 9 2,091 130.7 120
ultimate discharge w surface
watar
Disposal offsite in Subtitle D 28 7 6?5 22.3 47.7
landfill
Disposal onsite Subtitle D 3 0 8.4 2.8 6.6
landfill
Disposal onsite and offsits in 27 3 106 5.9 19
Subtitle C landfill
Offsite incineration' 3 0 176.7 22 60.7
Other disposal onsite | 0 18 18 I8
Recovery onsite 4 9 92.7 23 30
| Offsite land treatment g 0 98.22 12.3 66
{ Onsite land treatment 15 2 118 ] 20.6
Transfer for use as fuel 1 0 195 195 195
— e ————
Total unleaded gasoline 111 30 3,583 32.3 66
sediment

' Four facilities sand wastes to 3 hazardous waste incinerators.

Plausible management scenarios were chosen by EPA on which to perform the risk
- assessment model. The scenarios were chosen based on the numerous "high potential

exposure” disposal practices currently used, which negated the need for projecting
hypothetical "plausible” mismanagement. Given the Agency’s past experience with risk
assessment modeling, the management practices summarized in Table 3.1.8 were reviewed to
identify those practices likely to pose the greatest threats to human health and the
environment. The selected management practices are:

. Onsite land treatment (used for 3.1% of sediment)
. Offsite Subtitle D landfilling (16.5% of sediment)

o Onsite Subtitle D landfilling (0.2% of sediment)
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An onsite monofill scenario was rejected because the intermittent (every 10 years)
generation frequency and small quantities are not typical of wastes that tend to be monofilled.

A summary of EPA’s rcasoning in sclecting pathways for quantitative risk assessment
modeling is presented in Table 3,1.8.

Table 3.1.8. Seldction of Risk Assessment Modeling Scenario:
Unleaded Gasoline Tank Sediment

Waste Basis for Consideration in Risk Assessment

Discharge to onsite WWTP; ultimate discharge to | Not modeled. Wastewater discharge is exempt. Air
surface water pathways controlled by Benzene NESHAPs. lmpact
on WWTP expected to be minimal due to small
volume of waste in relation to the total volume of
wactewaler typically treated. Sediments would be
captured by existing hazardous waste listings apd
further controlled by the Phase IV LDR standards
when the sediments exlubit any of the characteristics.

Disposal offsite in Subtitle D lapdfill Modeled
Disposal onsite in Subtitle D lapdfill Modeled

Disposal onsite and offsite in Subtitle C landfill Not modeled, already mapaged as hazardous - no
incremental nsk to control

Offsite incineration Not modeled, hazardous waste incinerators - no
incremental risk to control

Other disposal onsite Not madeled, minimal volume

Reécovery onsite Proposed excluded management practice

Offsite land treatment Modeled

Onsite land treatment Modeled

Transfer for use as fuel Not modeled, already regulated if characterigtic,
minimal volume reported.

——— e

The Agency evaluated whether it was necessary to model short-term on-site storage of
unleaded gasoline tank sediment prior to final management. Using the same logic described
in the previous discussion of the selection of management practices to be modeled for crude
oil tank sediment, EPA determined that the potential for contaminant release and exposurc al
levels of concern was insignificant in comparison with the long-term risks associated with
landfilling and land treatment. Therefore, on-site storage was not modeled in the Agency’s
risk assessment.

The characterization data for the management units and their underlying aquifers were
collected in the §3007 survey. Table 3.1.9 provides a summary of the data for the targeted
management practices used in the risk assessment.
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Table 3.1.9. Management Practices Targeted for Risk Assessment

Unleaded Gasoline Tank Sediment
= ]

Parameters # of ¥of # RC w/ Total 10th % S0th % 90th %
Fac. RC Unreported Volume Volume Volume Volume
VYolume MT) ey MT) (MT)
e e ————— ——
Oifsite Land 3 3 0 98.22 e 2.22 94
Treatment®
Onsite Land 9 15 2 118 - 2 57
Treatment Unic'”
Characteristics
Surface Area (acres) 2 14.5 3
Depth of Incorporation (in) 4 9 12
Amount Applied (1992 MT)? 2 5 12,000

Methods of Incorporation: Disking (13)
Subsurface Injoetivn (1)
Springtooth Harrow (1)

# of Land Treatment Units: 15

Aquifer Information

Depth to Aquifer (R) 6 15.5 97

Distanice to Private Well (f) 3,000 4,390 10,000

Population Using Private Well 1 150.5 300

Distance to Public Well (f) 7.920 34,325 52,800

Population Using Public Well - - -

# of Aquifers: 13

Souree: Public  Private
Unreported 9 11
Uppermost 1
Lowermost ) 2
Combination 1

L |

Classification of Uppermost Aquifer:
Current of potential source of drinking water (3)
Not considered a potential source of drinking water (9)
Unreported (1)
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Table 3.1.9. Management Practices Targeted for Risk Assessment
Unleaded Gasoline Tank Sediment h
s e P A R e
Parameters # of # of #RC w/ Taotal 10th % 50th % 90th %
Fae, RC Unreported Volume Yolume Volume Yolume
Volume (MT) MT) (MT) MT)
Onsite and Offsite 18 31 7 633.4 — 6.25 .7
Subtitle D
Landfll***
Onsite Landfill Characteristics
Surface Arca {(acres) 3.7 1.5 3
Remaining Capacity (cu.yd.) 25,088 80,000 5,500,000
Percent Remaining Capacity 0.7 12 FL
Total Capacity (cu.yd.) 85,000 168,950 £,000,000
Number of Strata in Completed Unit 0 525 400
Depth Below Grade (ft} 0 6 15
Height Above Grade (ft) 3 13 72
# of Landhlls:* 6
Aquifer Information B
Depth to Aquifer (ft) 8.5 12 156
Distance to Private Well {ft) 2,500 2,500 2,500
Population-Using Private Well 2 2 2
Distance to Public Well (ft) 15,840 15,840 15,840
Population Using Public Well - o -
# of Aquifers: 6
Source: Public  Private
Unreported 3 5
Combination 3 1
Classification of Uppermost Aquifer:
Current of potential source of drinking water (1)
Not considered a potential source of drinking water (5)
T — L ——— st

! The number of onsite land treatment units and landfills charactarized in Table 3.1.9 is greater than indicated in Table
3.1.7 which focuses only on volumcs generated in 1992. Table 3.1.9 incorporates data, respectively, from all onsite land
treatment unita, and all onsite landfills, receiving unleaded lank sediment in any year reported in the §3007 survey.

? Volumes represent the average volume of all wastes applied to the land treatment units accepting the unleaded tank
sediment and not just the tank sediment alone.

? The mean and 90th percentile were determined by using a management unit loading method (i.e., more than one waste
stream from one refinery may be disposed of in one management unit causing the PO0th porventile numbsr actually to be the
sum of 2 or 3 waste volumes).

* Models used the same input volumes for both on- and offsite Subtitle D landfill scenarios.
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3.1.2.3 Characterization

Due to the small amount of sediment typically generated during tumaround and, at
times, the absence of sediment, samples of unleaded gasoline sediments were very difficult o
obtain. The number of refineries chosen for record sampling was expanded to increase the
availability of these hard-to-find residuals; however, the newly targeted facilities did not

increase the procurability of unleaded tank sediment.

Two sources of residual ¢haracterization were developed during the industry study:

. Table 3.1.10 summarizes the physical properties of the tank sediment as
reported in Section VIL.A of the §3007 survey,

. Three samples of unleaded gasoline tank sediment were collected. These
samples were collected after the tanks had been water-washed. Table 3.1.11
provides the location and description of the samples collected.

Table 3.1.10, Unleaded Gasoline Tank Sediment Physical Properties

Properties # of RC | # of Unreported | 10th % Mean 20th %
Values
pH 109 172 52 1.5 10
Reactive CN, ppm 57 224 0 30.25 50
Reactive S, ppm 65 216 0 41.7 125
Flash Point, “C 7 204 20 57.7 93
i| il and Greass, vol % 77 204 0.5 10.81 20
Tota] Organic Carbon, vol % 44 237 0 11.1 20
Specific Gravity 68 213 1.0 1.4 2.27
BTU Coulent, BTU/Ib 27 254 100 4,088 16,155
Aqueous Liquid, % 156 125 0 23.9 70
Organic Liquid, % 150 131 o 7.31 20
Solid, % 190 91 20 72.8 100
Particle > 60 mm, % 22 259 0 25.2 B9
Particle 1-60 mm, % 24 257 0 46.4 100
Particle 100 pm-1 mm, % 23 258 0 35.3 100
Particle 10-100 pm, % 19 262 0 13.7 50
Particle <10 um, % 19 262 0 7.9 50
Mean Particle diameter, microns 12 269 0 1,294 500
e
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Table 3.1.11. Unleaded Gasoline Sediment Record Sampling Locations

Description

R6B-US-01 Shell, Norco, LA Water-washed solids: collected by
refinery

R8A-US-01 Amoco, Texas City, TX | Water-washed solids: collected by
refinery

R16-US-01 Koch, St. Paul, MN Drummed, dry, light-brown, water-
washed solids

— =

The 3 samples collected are believed to be representative of the industry. Table
3.1.12 provides the characterization data for this sampling effort. Only constituents detected
in at least one sample are shown in this table. Of the 3 unleaded gasoline sediment samples
collected, one sample exhibited the toxicity characteristic for benzene. Unleaded gasoline
tank sediment has a low organic content because the tank is water-washed prior to tank entry.
High iron ¢concentrations can be attributed to the rust and scale of the tank.

3.1.2.4 Source Reduction

As with crude oil tank sediments, mixers have
reduced the volume of sediment generated. The
mixers are used to suspend the solids in the product,
reducing the amount of solids that may settle to the
bottom of the tank.
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3.1.3 Clarified Slurry Oil Tank Sediment and Filter Solids - Residual 3

Clarified slurry oil is the bottom fraction from fluid catalytic cracking units, operated
at 109 refineries. In 1992, U.S. refineries reported 297 dedicated clarified slurry oil (CSO)
tanks with an average capacity of 45,000 barrels and 111 storage tanks with an average
capacity of 55,000 barrels with commingled CSO and residual fuel oil.

3.1.3.1 Description

CSO is the lowest bolling fraction off the FCC’s main fractionator (see Section 3.2 for
FCC process description). The CSO contains some catalyst and catalyst fines (1-2 wt%).
Some refineries have a slurry settler that removes up to 50% of these fines and returns them
to the process. The top draw off the settler, CSO, is sent to a storage tank, where most of
the remaining solid catalyst particles settle out, forming a sediment at the bottom of the tank.
The tank sediment also contains rust. The CSO is sold as carbon black feedstock, residual
fuel oil or bunker fuel. CSO sediment is generated in 3 ways: tank bottoms, filter solids,
and during FCC unit cleanout\turnaround.

CSO0 tank bottoms are generated every 5-10 years during storage tank cleanout. As
with crude tank sediment, many refineries use in situ and ex situ oil recovery techniques.
Common in situ oil recovery techniques include hot distillate washing and steam stripping.
These techniques allow entrapped oil to float to the top of the sediment for recovery prior to
removal from the tank. Ex situ recovery methods, usually performed by a contractor at the
tank site, include filtration, centrifuging, and settling. Separated oil is recycled back to the
process or sent to the slop oil tanks; any water is sent to the WWTP, The solids are
managed in a variety of ways including disposal at Subtitle C and D landfills and in land
treatment units. It is not unusual for the sediment to be stabilized by using clay or kiln dust
to soak up any remaining free oil.

Mixers are also installed on CSO tanks to reduce tank
bottom buildup. Mixers keep the catalyst fines suspended in
- the CSO.

Some refineries filter their CSO prior to storage.
Cartridge filters are employed to remove catalyst fines which are entrained in the product.
Filtered solids are generated once or twice a year, depending on product volume.

Every 2 to 3 years, the FCC is shutdown for turnaround. At this time, sediments may
also be generated in the process equipment (e.g., hydroclone).

In 1992, approximately 1 percent of the volume of CSO sediment generated was
reported to be managed as hazardous, :
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3.1.3.2

Generation and Management

The refineries reported generating approximately 24,010 MT of CSO sediment in
1992, Residuals were assigned to be "CSO sediment" if they werc assigned a residual
identification code of "FCC CSO tank sediment,” "FCC CSO sediment, other than tank
sediment,” or "Other tank sediment/CSO [commingled].” These correspond to residual
codes 01-D, 02-C, and O1-E, respectively, in Section VIL2 of the guestionnaire. Process
wastewaters, decantates, and recovered oils (e.g., from deoiling or dewatering operations)
were eliminated from the analysis. These correspond to residual codes 09, 10, and 13 (new)
in the questonnaire. Quality assurance was conducted by ensuring that all CSO tank
sediments previously identified in the questionnaire (i.e., in Section V.D) were assigned in
Section VII.2. Table 3.1.13 provides a description of the quantity generated, number of
streams reported, number of unreported volumes, and average and 90th percentile volumes.

Table 3.1.13. Generation Statistics for CSO Sediment, 1992

# of Total Average 90th
Streams | Tlnreparted Vahme Valime Percentile
Volume MT) (MT) Volume
Streams {MT)

- T sy = =
Discharge to onsite WWTP 1 0 250 250 250
Disposal offsite Subtitle D landfill 16 0 11,341 709 2,871°
Dispusul onsite Subtitle I landfill 2 0 679 339.5 619
Disposal offsite Subtitle C landfill 9 1 3,564 396 2,278
Offsite land treatment 2 0 2,359 1,195 2,278
Onsite land treatment 4 1 2,906 T726.5 2,520
Cnsite industrial furnace 1 o 39 39 39
Transfer for use as fuel 3 0 1,850 617 1,724
Recovery/reuse onsite 2 2 581 290.5 381
Other recycling/onsite road material 2 0 411 205.5 314
Total CSO sediment 42 4 24,010 572 1,724

* Qutlier quantities confirmed in §3007 survey.

! Reuse onsite includes recovery in catalytic cracker, coker, distillation unit or in asphalt producticn.

Plausible management scenarios were chosen by EPA on which to perform the risk
assessment model. The scenarios were chosen based on the numerous "high potential

exposure” disposal practices currently used, which negated the need for projecting

hypothetical "plausible” mismanagement. Given the Agency’s past experience with risk
assessment modeling, the management practices summarized in Table 3.1.13 were reviewed
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1o identfy those practices likely to pose the greatest threats to human health and the
environment. The selected management practices are:

. Onsite land treatment (ﬁsed for 12% of sediments)

. Offsite Subtitle D landfilling (47% of sediments)

. Onsite Subtitle D landfilling (3% of sediments)

An onsite monofill scenario was rejected because of the intermittent (every 10 years)
generation frequency, which is not typical of wastes that tend to be monofilled.

A summary of EPA’s reasoning in selecting pathways for quantitative risk assessment

modeling is presented in Table 3.1.14.

Discharge to onsite WWTP

Table 3.1.14. Selection of Risk Assessment Modeling Scenario: CSQO Sediment

Hasis for Consideration in Risk Assessment

e T e

Not modeled. Wastewater discharge is exempt. Air
pathways controlled by Benzene NESHAPs. Impact on
WWTP expecled to be minimal due to small volume of
waste in relation to the total volume of wastewater
typically treated. Sediments would be captured by
existing hazardous weste listings and further controlled
by the Phase IV LDR standards when the sediments

Disposal offsite Subtitle D landfill

exhibit any of the characteristics,
Modeled '

! Disposal onsite Subtitle D landfill

Modeled

Disposal offsite Subtitle C landfill

Not modeled, already managed as hazardous - no
incremental risk to control

Recovery/reuse onsite

Proposed excluded management practice

|| Offsite land treatment

Modeled

Onsite land treatment

Modeled

Transfer for use as fuel

Not modeled. Already regulated if characteristic,

Onsite indusrrial fumnace

Not modeled. Minimal volume, unlikely to significandy
impact emissions due to dilution. Already regulated if
characteristic.

Other recycling/onsite road material

Similar application of much larger volume modeled
under land treatment scenario.
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The Agency evaluated whether it was necessary to model short-term on-site storage of
CSO sediment prior to final management. Using the same logic described in the earlier
discussion of the selection of management practices to be modeled for crude oil tank
sediment, EPA determined that the potential for contaminant release and exposure at levels of
concern was insignificant in comparison with the long-term risks associated with landfilling
and land treatment. Therefore, on-site storage was not modeled in the Agency’s risk
assessment.

The charactenization data for the management units and their underlying aquifers were
collected in the §3007 survey. Table 3.1.15 provides a summary of the data for the targeted
management practices used in the risk assessments for the CSO sediments, Appendix C
summarizes §3007 data regarding runon/runoff controls used for these units.

As with crude oil tank sediment, many refineries conduct de-oiling of CSO tank
sediment, both before and after removal from the storage tank. The Agency evaluated
whether de-oiling has any impact on the risks associated with the disposed sediment. The
Agency hypothesized that de-oiling might reduce toxicant concentrations for certain toxicant
fractions (e.g., volatiles), although others could be concentrated (e.g., metals). Samples
were collected of sediments with and without de-oiling after removal from the storage tanks
{described further in Section 3.1.3.3). As discussed earlier in Section 3.1.1.2, after
considering all of these factors, the Agency determined that differentiating between oily and
de-viled sediments was inappropriate. De-oiling reduces volume, which, if all other factors
were held constant, would tend to reduce the risk modeled. The average de-oiled crude oil
tank sediment volume is 514, while the average oily sediment volume is 384. De-oiled
sediments are predominantly disposed of in offsite Subtitle D landfills (39%), disposed of in
offsite Subtitle C landfills (30%), or sent to offsite land treatment (21%). Qily sediments are
more likely to be disposed of in offsite Subtitle D landfills (53%), sent to offsite land
treatment (22%), or transferred offsite for use as a fuel (14%).
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Table 3.1.15. Management Practices Targeted for Risk Assessment
{
CSO Sediment
=t e P PP
Parameters ¥ of # of #RC w/ Total 10th % 50th % 90th %
Fac. RC Unreported | Volume | Volume Volume Volume
Volume {MT) (MT) (MT) (MT)
| == ——— — p— e et e - 1 A e e
Omnsite and Offsite 13 13 0 12,020 — 184.5 3,143
Subtide D
Landfill**
Onsite Landfill Charactenistics
Surface Area (acres) 0.4 30 250
Remaining Capacity (thousand cu.yd.) il 838 8,900
Percent Remaining Capacity 2 40 80
Total Capacity (thousand cu.yd.)} 3.2 840 11,100
Number of Strata in Completed Unit 0 5.5 11
Depth Below Grade (ft) 8 29 5Q
Height Above Grade (ft) 0 1.25 2.5
# of Landfills: 2-
Aquifer [nformation
Depth to Aquifer (ft) 39 62 85
Distance 4o Private Well (it) 8,970 8,970 8,970
Population Using Private Well - - -
Distance to Public Well (ft) 58,000 58,000 58,000
Population Using Public Weil 1,500 1,500 1,500
# of Aquifers: 2
Source: Public Private
Unreported 1 1
Uppermost - 1
Lowermost 1 -~
Classification of Uppermost Aquifer:
Not considered a potential source of drinking water (1)
Current or potential source of drinking water (1)
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Table 3.1.15. Management Practices Targeted for Risk Assessment

CSO Sediment

FW
Offsite Land 2 2 0 2,389 ~ 1,194.6 2,277.75
Treatment Unif®
Onsite Land 5 4 1 2,905 — 190.95 2,520
Treatment Unit'”? o
Characteristics
Surface Area (acres) 8.8 | 15 170
Depth of Incorporation (in) 6 10 13.5
Amount Applied (1992 MT)? 4 735 15,322
Methods of Incorporation: Disking (7}

Subsurface Injection (1)
Springtooth Harrow (1)

# of Landfills: 9

Aquifer Information
Depth to Aquifer (ft) 12.5 16.75 265
Distance to Prvate Well (ft) 1,000 6,200 25,000
Population Using Private Well 300 300 300
Distance to Public Well (ft) 6,500 13,200 25,000
Population Using Public Well - - -
# of Aquifers: 8
Source; Public Private
Unreported 5 3
Uppermost 2 3
Lowermost 1 2
Combination - -

Clasgification of Uppermost Aquifer:
Current or potential source of drinking water (3)
Not considered a potential source of drinking water (5}

—
e

! The number of onsite land treatment units characterized in Table 3.1.15 is greater than indicated in Table
3.1.13 which focuses only on volumes generated in 1992. Table 3.1.15 incorporates data from all onsite land
treatment units receiving sediment in any year reported in the §3007 survey.

2 Volumes represent the average volume of all wastes applied to the land treatment units accepting the CSO
sediment and not just the sediment alone.

? The mean and\or 0th percentile were determined by using a management unit loading method (i.e.. more
than one waste stream may be disposed of in one management unit causing the 90th perceatile number to
actually be the sum of 2 or 3 waste volumes),

* Models used the same input volumes for both on- and offsite Subtitle D landfill scenarios.
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3.1.3.3 Characterization

Since the industry varies management methods, the sampling profile reflects the fact
that about half of the refineries do some sort of oil recovery prior to sediment disposal. As
with most tank sediments, CSO sediment from tanks is available only during turnarounds,
which occur every 5 to 10 years. CSO filters are generated more frequently, however, only
one of the refineries selected for record sampling uses filters.

Two sources of residual characterization were developed during the industry study:

. Table 3.1.16 summarizes the physical properties of the CSO sediment as
reported in Section VII.A of the §3007 survey.

Table 3.1.16. CSO Sediment Physical Properties
# of RC # of 10th % Mean 90th %

Properties Unreported

L | Values
pH 53 68 5 5 7.8
Reactive CN, ppm 29 92 0.02 26.4 250
Reactive S, ppm 35 86 1 | 250
Flash Point, *C 42 79 60 84.1 100
(il and Grease, vol% 44 77 5 29.5 80
Total Organic Carbon, vol % 15 106 5 29 70
Viscosity, Ib/ft-sec ! 3 116 0.14 666 1,000
Specific Gravity 41 80 1 1.4 2.1
BTU Content, BTU/lb 36 85 2,000 5,935 3,000
Agueous Liquid, % 62 59 0 11.4 50
Organic Liquid, % 71 50 0 25.7 70
Solid, % 83 38 20 69.7 100
Particle >60 mm, % 6 115 o 16.7 100
Particle 1-60 mm, % 15 106 ] 25.4 100
Particle 100 gm-1 mum, % 13 108 0 60.6 100
Particle 10-100 pm, % 13 108 0 28.5 45
Particle <10 ym, % 6 115 0 0 0
Mean Panticle diameter, microns 3 112 ___2_5 612.5 800
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. Due to the rarity of sediment generation, only 4 samples were available during
record sampling. These included 1 oily tank sediment sample, | composite
sample of both oily and de-ciled sediment, 1 de-oiled tank sediment sample,
and 1 CSO filter. These sediments represent the various types of oil recovery
typically used by the industry. Table 3.1.17 provides the sample location and
description.

The 4 samples collected are believed to be representative of the sediment as generated,
Table 3.1.18 provides a summary of the characterization data collected under this sampling
effort. Only constituents detected in at least one sample are shown in this table. Of the CSO
sediment samples collected, none exhibited the toxicity characteristic, The high aluminum
content can be attributed to the FCC catalyst which makes up a majority of the solids in the
sediment.

Table 3.1.17. CSO Sediment Record Sampling Locations
e
Sample # Location Description: Oil Recovery

RS-50-01 Murphy, Superior, WI CSO filter

RI1B-S0-01 -Marathon, Indianapolis, IN CS0, classified as residual oil by
refinery: oily and stabilized with cement
kiln dust

R4-S0-01 Liule America, Casper, WY | Tank sediment de-olled through senling
R20-S0-01 Star Enterprise, Convent, LA } Centrifuged sediment

3.1.14 Source Reduction

In situ oil recovery techniques can greatly reduce the total volume of CSO tank
sediment to be disposed. As discussed above, recovery methods include distillate washing,
nonpetroleum solvent washing, water wash with surfactant, and steam stripping. This allows
entrapped oil to float to the top and be recovered prior to removal from the tank. Separated
oil is recycled back to the process or sent to the slop oil tanks, and the water phase is sent to
the WWTP,

As with crude oil, tank bottom buildup may be reduced by installing mixers. Mixers
keep the sediments or solids continuously in suspension so that they travel with the CSO.
However, these solids may drop out later in the process, resulting in greater sediment
generation at turnaround and possibly mare frequent turnarounds,

Another method to reduce catalyst in the CSO is to install high-efficiency cyclones in
the FCC reactor. This can shift the catalyst fines losses from the reactor to the regenerator
where the fines can be collected in the electrostatic precipitator or wet gas scrubber (note that
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not all refinerics arc in States that require air pollution control on their FCCs).  API
estimated that 2 pounds of tank bottoms are prevented for every pound of catalyst exiting the
regenerator instead of the reactor (see FCC unit process flow diagram) (API, 1991).

Some refineries have a slurry settler that removes up to S0% of the catalyst fines in
the CSO and returns them to the process. By adding a settler to the FCC unit, sediment-
forming solid catalyst particles can be greatly reduced.

Petroleum Refining Listing Determination
Final Background Document 51 October 31, 1995



12,4 Trimattylenrens
1,3, 5—-Trimaltyimnrans
o-Nylsna

. —Xybsnes

Acsione

—~y Bwrusne

Meihylens chintide
Naghthalane

Toluers
1.2.4-Trimatyibenzene
o-Xylsne

m.p-Xylna

Acanaphthans
Anthracers
Esne{n}anhracess
Beanzoftucianthens {ioial)
Banzo{g.hRperyhne
- Banzo{s)pyrene
Carbazole
Chrysane
[Hbenx{a, hienthiwosns
Dibenzofursn
1.42-0 yiomnz{s)
Flucranthane
Fluogene
indenod 1,2, 1 cdpyrana
- 3—heihyichciantene

Fotctaum Lisfing Angly” ‘m Gummary

Table 3.1.18. CSO Sediment Characterization

Volatis Organics ~ Methad E200A /g

CAS No.
arsn
7142

104550
1asams
100414
L]
oos’s
01203
103854
108883
0588
100078
S57e
108353 / 108423

CAS Mo.
o076
e
75002
o103
102853
85003
osa7e
108383 / 1004

CAS No.
8332
orr
58553
NA
101242
50328
sa7ia}
218010
53703
132040
570N
208480
848737
103305
2.7
3351334
00$20
1sM8
95487
NA

103
850t8
108052
120000

WA DTAAAA

AN AAARNA

A

<
-«

-

A

A A AGEA AR

R4-S50-Gt
1250
1250
1250
1250
1250
250
+.250f
2p0
£250
3000

15000
2800
3p00

14000

A4-80-01

Bzedopee

A4-80-0t
aLars,
91,575

280,000
10,200
90,200
2302004
123,750
T00.000
95875
IR+ ]
LA¥ ]
42,000

A A

<
J
<
<

A A

Semivolatile Organics — Method 82708 gk

AR-80-0f RIB-SO-0%
’ 8z5|ve 1,400
£,200| < 1,250
500 £1.000°

825 2,600

4,300 12,000

823! J 2,300

825! 2,600

11,000 19,000
2,100 < 1,250
8,700 53,000
20,000 25,000
5,000 35,000
7,500 27,000
16,000 89,000

R9-80-01

Ezgizaes

-

AR=-80~-0}

TCLP VointieOrganice — Msthods 1311 wnd B280A ugA.

RiB-~80-0a1

110
{19

fA18-80-0k
53,000

J 32.000
< 20,825
J T7,00%
J 23,000
52,000

< 41,250
170,000

< 204825
4 31,000
< 20625
J 28,000
74000

< 2025
J 27000
160,000
576,000
266,000

< 20,825
< 20825
140,00¢
326,000

< 20,025

210,000

48

A

AM e e -

m

A - ACA - = A

A

A20-350-0t Average Conc Maximum Conc

3,400 1860
2,500 $,200
22,000 10.543
3,000 €500
20,000 9,388
2,000 1,700
2,500 1.700
140,000 022
2,500 1,026
17.000 10,850
140.000 49,000
42.000 24 200
40,000 076
100,000 40,750

A20-50-01 Average Conc
50 128

50 50

[ T0

00 10

o0 176
) 78
o) 83
&0 100

A20— SO-01 Avetnge Cono
$80,000 80,219
84,000 84210
41,250 202,050
60,000 78150
63,000 09,000
76,000 142,000
87,000 45,083
220,000 487 500
41,25 20,058
97.000 .07
41,250 30008
49,000 &2 500
200,000 11,400
41,250 23343
41,250 23,813
230,000 382,600
2.200,000 800,000
3,600,000 1,202,500
41,250 24417
41,250 27417
350,000 172,500
880,000 550,000
41,280 40,010
E50,000 452,500

3400
1,200
22,000
3,000,
20,080
2,900
2,600
140,000
2.7,
7,000
140,080

T AR TR

Std Dev
1202
WA
10.579
f.4017
LE 14
1,023
963
04,851
T
5834
80,043
20,103
17,250,

PC% Condidence
Intarval

Upper Limit

2,053

NA

BT

2,784

wms

2,807

2,562

06,334

2.587

15,204

@e12

I 704

3,503

42,201

St Dev
155
17

73
T4

b

StdDev
53,553
23074

100,200
40,950
410
22,833
2.035

344,013
14,808

£.043

579,520
45158
062,450

3,801

4 508
221,580
950,183
1571002
8,347
11,704

134,080

352,147
a7,

84,312

0% Contidence
inhervl
Uppes Umit

54

72

Bo

170

235

104

106

250

20% Confidence
Irim sl
Upper Umnit

124,500
63,807
304,13
110074
£7.488

TR0 040
0,057
738
2028

30,408
005,548
100,058
12823

024

1.478.200
257822
31,508

282952
247,100
T1.387

170,517

80?2 O8s

Comenents

Commaents

Commenk

[

1.2

- -
N

= Bep ¥




o ren

2 abay

wiqueoiday 1IN Yh
PRG0N QN

omr ung sweill INg WY voposep AIGUICGN) S U BN § HNeRI B YO m jO) seio
RO UAN; S KU W) LTt B )0 e By HErn Bep [nceds sergy  peruREe & 00 4 puncdwod
WURKT pOLEW FAO0ITY S U PRrISiep 03ie ejiLy

VO ADUOD UK 4 eors T addn
BUORSINO|ES BLY WAI} PAP NIOTe BER UCARIUSILCORMOaten (eellljy M) Uy sured gium uopame(

TRUSLUIOS
o £1n fig L4 oto > jto 01Q > je20 DHOYL
EASPE 05 131 009 et oD $Z > (0000C 0S¥ > i0D'S¥ > [ 1800FwL
(1) wo 50 Lo 2%0. 020 > {oZo > jozo > loZorrl
502 (2% 4 or'r izl Fi4] or'y 00 > 00 > [S0M8ERL
8081 o501 0012 IR 7] 00'$Z > jooore 009z > [00'SE > [pSeaCYL
10 Lo 007 K} 00T 0474 050 > oS0 > |powstrs
ez 002 Pl 00005’y e [ > [o0'oosy 00'R2 > |00'S2 » |zowowrs
¥z S e0T 00’2 0z [Fx ] DO'L 003 > loos > |S0BErL
RUSWWOD W seddn AR MS SUTH WNWIPEY oD sRany 10—08-62H  10-0S-ElH  10-0B-6d 10-0B~Fd  ONEYD
FRAN LS} VO LG PUR LY OLRL CLTRL 0L TOL00 LICL SPOWSI — HWON 4101 |
BOUSRIIOD %00
(3] Ve o™i C'SS oze oro orz 0003 SOCOrYL
reae rav. oor LT Q01E o oot 006 TZR0wyL
0z 0 52 Vi o > 2 [ ¥] > o > |00ZDYFL
[ YL 1528 oOR'S S2UT Lg% oDog's oLt 000'S SEEYL
[ Ly ] (%] Iyt 90 > e 99 > 150 > [2OPERLL
(Y2 W] Q0526 [-1: et 1448 o0s > jorboo'st o003 > 10°00% > 1/0000¥L
(3227 e oor 001 [T LE- ] [~ 000§ 0Z00PYL
Lo 104 oot ey o9l 99 > (se > [s9 » 11900602
200 wa e 0o S0D > {500 > |s00 > o oLeaCY,
131 o'en. oorz VoL L¥-4 oore L3 006 SOCYL
Eori's 905:°C LY 137 4 G005 > [0'DO0e o008 > [F00S > (rSO0CYL
F¥ L [ 171 ot o2 LrEs o oL 0cz 1ZO0EY L
ceory Lovt'y oo 1 12718 ] [ 3 D000'L E ODwET 0O0ce SORCYL
Lo c0T 0ES SEZ oes oes -7} 00z QOGOMPL
x> 103 o ve2 ooz ore ra 0% cIvorys
newiw Q0syar 000000 CSTR'ST 0009 > {oron0iont vons > joroort 204DV,
ot ca .49 i0 90 > |90 > |oo > iEt LIVOFYL
SIS zee oo 508 0gs 0Ll oer 00%H ootoYYs
z L] 21 rr L5 13} > loe > |e¥ 'S > jEetobwL
%] oM [ 082 (X > |oe > |oors ow > j00CorRL
7819 o' ooc'ss wsT'ic 00 'SY OOD'ET DOOTT 000'™ SO0BZre
RUBLWOY W] mddn  AeaMS QUCT WU Jue) #O0%eRy LD-O0S-02H  10-08-@H 0~-08-8d  (D-CS8-Pd ONEYD
oAy Gy g puw LLrL DUrd 12V 'OR0E 'T108 WORTR — AU O]
eouBpEI0D %08
o re 0Z4 13 1 w BF|0S > jos > |eseani
t N ¥N zi u > 0% > 1z r {os > lerose
s w 021 ] > j0ad [ rjee I |eozia
i L oL -] 1 r |z r{os > > YN
7] B o L3 o0 rjos > |os > {05 > | 108
ol 13 052 ] 3 rloiz zZ rite r {msis
BOL £ % w 05 > jorl it arios > lozios
i iz 10 v 38 ries > |og > jot > |@I950}
3 N N ac - 05 > ios > {oe r fos » jzrirk
] ¥H wN 14 @ o5 > ios = iz arjos > {nen
AUBWOT a1 mddn  aegpIg oy Wnpew Kog eBaisny 10-05-02H  10~0S-8IW  J10-DB-84  10-OS-FH ONEWD
oA By VO 80220 PUS 11EI WMOUBN ~ 3D ) SRIOMLIBS G101

SIUepRrOT) 08

A g meq mapdeuy Bupen wnscaeg

b4
wn{eemog
PN
sseusiivey
wseuilen
[T-]
W)
wnujusy

[l )

Sunp UL
ssppudey

(moy} veydibypen—rp
euediAgen—2
suspryudeaipen -2
suseudTndigen -
evepdiAgmu0-rg

LT HE VUL BTy |
sy eyl - Zing



3.2 CATALYTIC CRACKING
3.2.1 Process Description

Catalytic cracking is a process for the conversion of straight-run atmospheric gas oil,
vacuum gas oils, and heavy stocks recovered from other operations into high-octane gasoline,
light fuel oils and olefin-rich light gases. Available catalytic cracking technologies include
fluid catalytic cracking, residual catalytic cracking, and Thermofor catalytic cracking,
Because catalytic cracking increases the gasoline yield from crude oil, over 60% of the
refineries in the United States have at least one of these units.

Fluid catalytic cracking (FCC) is by far the T ———
most widely used by industry (95% of all catalytic FCC is an- effective process for:
cracking units in the U.S.) and will be the primary increasing the yield of gasoline
focus of this discussion. FCC capacities range from fromcrude:oil - I A
2,400 to 120,000 barrels per stream day. The SiliC- o —e——————

alumnina catalyst has a small particle size (average size

51 to 65 xm) and moves through the reactor as a fluid. Figure 3-2-1 provides a generic
process flow diagram for fluid catalytic cracking. In the FCC process, light and heavy
vacuum gas 0il and a mixture of middle to heavy petroleum fractions are preheated and then
contacted with hot FCC catalyst. The reactor’s temperature is 850° to 950°F and its
pressure is between 12 to 50 psig (McKetta, 1992). The oil vaporizes and forms a fluidized
mixture with the catalyst particles and is literally blown around the large reactor. The oil
cracks forming lighter hydrocarbons as it rises through the reactor. The oil and catalyst are
separated by cyclones at the top of the reactor, and the cracked products are recovered in the
main fractionator.

The fractionator separates the cracked hydrocarbons into products. The products are
generally light gases (butanes and lighter), cat cracked gasoline, light and heavy gas oils, and
CSO. See Section 3.1.3 for further description of CSQ generation,

During the cracking process, coke deposits on the catalyst and renders it inactive.
The coke is burned off the catalyst in the regenerator. The regenerator operates at a higher
temperature (1100° to 1300°F) than the reactor which allows the coke to be burned off. The
bulk of the regenerated catalyst is recycled back to the reactor. However, because the
catalyst loses some activity over time due to deposition of metals (e.g., vanadium and nickel)
and neutralization of active acid sites (e.g, sodium and sulfate), a slip stream of catalyst is
removed after regeneration and replaced with fresh catalyst. This slip stream of catalyst,
typically 1% of the catalyst inventory, is called equilibrium catalyst, a residual of concern.
Catalyst losses can also be attributed to fines entrained in the regenerator off-gas or flue gas
and in the CSO.

Depending on local air pollution control standards, catalyst fines from the regenerator
flue gas may be removed in an electrostatic precipitator or a wet gas scrubber, or can be sent
to the stack. The collected catalyst fines are a residual of concern.
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Figure 3.2.1. Fluid Catalytic Cracking Process Flow Diagram
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As mentioned above, other process variations include residual catalytic cracking
(RCC) and Thermofor catalytic cracking (TCC). The RCC is basically the same
configuration as the FCC unit varying only in the feed. The feed is a mixture of fractions
from the vacuum unit. This heavier grade feed has a higher metals content which causes the
catalyst to lose its activity more quickly. Larger reactors are used to compensate for the
metals loading.

In 1992, four refineries had TCC units with capacities ranging from 4,500 to 17,000

- barrels per stream day. The TCC unit is a moving-bed cracking unit. In the moving bed
process, the catalyst (a zeolitic catalyst) is pelletized into about 1/8 inch diameter beads.
These beads flow by gravity from the top of the unit down through the reactor which
operates at about 10 psig and 850° to 925°F (McKetta, 1992). The oil is injected at the top
of the reactor and flows concurrently with the bead catalyst to the bottom of the reactor
where product vapors are collected in underflow weir channels and are ducted to the
fractionator. The catalyst then flows down to the regenerator or kiln, In the regenerator, air
is introduced and the temperature is raised to about 1150° to 1250°F to burn off the coke
which formed on the catalyst during the cracking process. Bucket elevators or pneumatic
lifts are used to carry the catalyst from the bottom of the regenerator back to the top of the
reactor.
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3.2.2 FCC Equilibrium Catalyst - Residual 4

3.2.2.1 Description

As discussed above, heavy polyaromatic coke and carbon deposit on the silica-alumina
catalyst during the cracking process causing it to lose its activity and become spent. These
deposits are removed by burning the coked catalyst in the regenerator to reestablish activity
prior to its recycle to the reactor. Metals, such as vanadium and nickel, from the crude oil
also deposit on the catalyst, reducing activity. To control metal levels on the catalyst,
equilibrium catalyst is drawn from the regenerator frequently (about once a week) and
replaced with fresh catalyst.

Factors contributing to the degradation of the catalyst include high temperature,
impurities in the fresh catalyst, impurities in the hydrocarbon feed, and time. Residual
impurities in the fresh manufactured catalyst are principally sodium and sulfate. Impurities
from the feed are sodium, nickel, vanadium, iron and copper. Sodium acts to neutralize
active acid sites and aids in matrix degradation. Deposited metals effectively act as catalyst
poisons. Metals levels on equilibrium catalyst reflect the metals content of the feeds being
processed; typical ranges are 200 to 1,200 ppm vanadium, 150 to 500 ppm nickel, and 5 to
45 ppm copper. Sodium levels are in the range of 0.25 to 0.8 wt% (as Na0O,) (McKetta,
1992).

The equilibrium catalyst from the regenerator is placed in a catalyst hopper where it is
cooled and stored prior to final managcment. Equilibrium catalyst from one refinery’s FCC
may be used at another refinery where the FCC unit requires a catalyst with a lower activity
level.

Although this is a high-volume stream, less than 3 percent of its volume is currently
managed as hazardous. Some refineries manage their FCC catalyst and fines in onsite
dedicated catalyst monofills.

The catalyst in the TCC unit is a zeolitic bead-type catalyst that is removed and
replaced only during tunaround. The catalyst makeup, frequency of generation, and process
design are all different from the FCC process. In addition, the TCC process is much less
common than the FCC and RCC processes. Therefore, the catalyst in the TCC unit was not
considered to be within the scope of this study.

3.2.2.2 Generation and Management

The §3007 questionnaire responses indicated 124,061 MT of equilibrium catalyst were
generated in 1992. Residuals were assigned to be "FCC catalyst” if they were assigned a
residual identification code of "spent solid catalyst” and were generated from a process
identified as an FCC unit. This corresponds to residual code 03-A in Section VII.2 of the
questionnaire and process code 04-A in Section IV-1,C of the questionnaire, Except for the
RCC, other catalytic cracking units were omitted from this designation. In this industry
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study, equilibrium catalyst was the largest volume of spent catalyst examined. Table 3.2.1
provides a description of the total quantity generated, number of streams reported, number of
unreported volumes, and average and 90th percentile volumes,

Table 3.2.1. Generation Statistics for FCC Equilibrium Catalyst
Final Management ¥ of # of Total Average 90th
Streams Unreported Volume Volume Percentile
Yolume (MT) {(MT) Vaolume
Streams (MT}
k
Disposal offsite Subtitle D landfill 35 0 23,326.5 666 1,575
Disposal onsite Subtitle D landfill 11 0 2,894 263 1,125
Disposal offsite Subtitle C landfill 3 0 155 52 140
Disposal cosite Subtitle C landfill 4 Q 3,982 993 3,072
Offsite land treatment 3 0 713 238 4465
Onsits land treatment 2 0 559.6 280 512
Onsite reuss 8 2 4,051 506 2,388
Other reuse/cement plant® 40 0 55,901 1,397.5 4,811
Transfer to offsite eatity' 5 0 1,740 348 1,196
Transfer metal catalyst for 4 0 5922 1480 2,627.6
reclamation
Transfer 1o another petroleum 62 1 24,817 400 890
reﬁnery —— T T T —
Total FCC catalyst 3 | 124,061 697 1,575
---------- e

! Offsite entities include alumina manufacturer and steel industry.
? Includes quantities reported to be transfered for ingredient in products placed on land.

Plausible management scenarios were chosen by EPA on which to perform risk
assessment modeling. The scenarios were chosen based on the numerous "high potential
exposure” disposal practices currently used, which negated the need for projecting
hypothetical "plausible” mismanagement. Given the Agency’s past experience with risk
assessment modeling, the management practices summarized in Table 3.2.1 were reviewed to
identify those practices likely to pose the greatest threats to human health and the
environment,

The selected management practice is:

- An onsite monofill will be used as the worst-case plausible mismanagement.
Because the volumes and generation rates are sufficient, onsite monofills are
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used by industry and plausible large volumes ¢an go into a monofill,
Refineries reported 26,221 MT (about 21 percent) of catalyst were disposed in
Subtitle D landfills.

A summary of EPA’s reasoning in selecting pathways for quantitative risk assessment
modeling is presented in Table 3.2.2, The management unit characterization data were
provided in the §3007 survey. Table 3.2.3 provides a summary of the management unit
characteristics and aquifer information.

The Agency did not model storage of FCC catalysts and fines. FCC catalysts and
fines are typically managed in pneumatic containers and hoppers prior to final management
due to their particle sizes and the large volumes handled. These storage vessels are designed
to minimize dust emissions and control losses. The Agency, however, did model potential
air releases in the modeled monofill scenario for FCC residuals. Thus, interim storage was
not modeled because of the nature of the storage vessels typically used and the consideration
of air pathway releases during long-term final management.

3.2.2.3 cteri

The category of "catalyst and fines from catalytic cracking” as defined in the EDF
consent decree includes the subcategories of "equilibrium catalyst* and “fines™. These
subcategories were chosen because these two residuals are generated at different points in the
process and because the Agency hypothesized that the different particle sizes of catalyst and
fines might result in diffcrent risk results. See Section 3.2.3 for a description of fines from
catalytic cracking.

Two sources of residual characterization were developed during the industry study:

. Table 3.2.4 summarizes the physical properties of the catalyst as reported in
Section VIL.A of the §3007 survey.

o The two equilibrium catalyst samples were collected and analyzed by EPA.
The samples were collected from the catalyst hoppers during normal operating
conditions. Table 3.2.5 provides the location and description of the samples.

These samples are believed to be representative because they were taken from units
accepting various types of crude feeds neither of which were pretreated (hydrotreated).
Table 3.2.6 provides a summary of the characterization data. Only constituents detected in
at least one sample are shown in this table. As shown in the data, none of the FCC catalyst
samples exhibited the toxicity characteristic even though heavy metals are present. High
aluminum concentrations can be attributed to the silica-alumina catalyst, Because of the
severe operating conditions of the unit, the spent catalyst has a very low organic content.
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Table 3.2.2. Selection of Risk Assessment Modeling Scenario:

FCC Equilibrium Catalyst

Waste

Disposal offsite Subtitle D landfill

Basis for Consideration in Risk Assessment

Monofill scenario was assumed to pose greatest potential
risk because the residual is not mixed or diluted with other
materials in an unlined monofiil.

Disposal onsita Subtitlea D Jandfill

Modeled as a monofill as worst case bounding estimate.

Dispassl offsite Subtitle C landfill

Not modeled, already managed as hazardous - no
incremental risk to control

Disposal opsite Subtitle C landfill

Not modeled, already managed as hazardous - no
incremental risk to control

Offsite land treatment

Monoflll scenario was assumed to pose greatest potential
risk

Onsite land treatment

Monofill scenario was assumed to pose greatest potential
risk

Qnsite reuse

Excluded management practice

Other reuse/cement plant

Not modeled. Assurned small parcentage of feed to cement
kiln with very low levels of constituents of concern.
Cement would tend to immobilize any trace metals.

Transfer to offsite entity'

Not modeled, assumed to be used as a raw material
substitute, excluded management practice

Transfer metal catalyst for reclamation Sent to excmpt recycling

Transfer to another petroleum réﬁuery Not medeled, excluded management practice

Other storuge

Not modeled, not final management

- ! Offsite entities include alumina manufacturer and steel industry.
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Table 3.2.3. Management Practices Targeted for Risk Assessment

FCC Equilibrium Catalyst

e e A et rrern——
Parameters # of # of ¥ RC w/ Total 10th % 50th % 90th %
Fac. RC Unreported Yolume Volume Volume Volume
Volume MT) MT) MT) M)
T ——
Onsite Subtitle D - 11 0 2,894.2 o 36.5 1,125
Landfills
Offsite Subtitle D —. 35 0 23.326.5 — 235 1,575
Landfills
Onsite and Offsite 31 48 0 26,221 — 197 1,693

Subtitle D Landfills! )
Oasite Landfill Characteristics

Surface Area (acres) 1.28 59 33
Remaining Capacity (1000 cu.yd.) 3.025 24.45 6,500
Percent Remalning Capacicy 0.48 5 34.5
Total Capacity (1000 cu.yd.) 12.1 75.325 10,498
Nurober of Strata in Completed Unit ) 3 8,030
' Depth Below Grade (R) 0.5 6 32.5
Height Ahave Crade () 0 7 7
# of Landfills: 10

Aquifer Information

Depth to Aquifer (ft) 14 34,5 2325
Distance to Private Well (ft) 1,000 8,970 37,500
Population Using Private Well 1 1 1

Distance to Public Well (ft) 5,000 5,850 58,000
Population Using Public Well 1,500 1,750 2,000

# of Aquifers: 10

h
(=2
=
I+

Source:
Unreported
Uppermost
Lowermost
Combination

Private

R X
{ WK A

Classification of Uppermost Aquifer:
Current or potential source of drinking water (4)
Not considered a potential source of drinking water (6)

! The mean andior POth percentile wers determined by using a managsment unit loading method (i.e,, more than ane wasle
stream may be disposed of in onc management unit causing the 90th percentile number to actually be the sum of 2 or 3
waste volumes).
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Table 3.2.4. FCC Equilibrium Catalyst Physical Properties
Properties # of # of 10th % | Mean | 90th %
RC Unreported
Values
pH 58 mé; 4,3 5.9 8
Reactive CN, ppm 42 101 0 19.2 10
Reactive S, ppm 45 98 0 19.1 67.5
Flash Point, °C 41 102 60 106.3 140
Oil and Grease, vol% 36 107 0 0.21 1
Total Organic Carbon, vol% 36 107 0 0.2 l
Specific Gravity 66 77 0.85 1.56 2.25
BTU Content, BTU/1b 15 128 0 776.7 1,000
Aqueous Liquid, % 84 59 0 0.24 0
Organic Liquid, % 83 60 0 0.05 0
Solid, % 126 17 100 99.4 100
Particle >60 mm, % 48 95 0 0.28 0
Particle 1-60 mm, % 48 95 8.6 4.5
Particle 100 ym-1 mm, %~ 55 88 30.4 106
Particle 10-100 um, % 71 72 20 71.3 100
Particle <10 pm, % 61 82 0 6.8 15
Mf:an Particle diameter, 60 81 50 74 84
| microns 1

Table 3.2.5. FCC Equilibrium Catalyst Record Sampling Locations

Sample Number | Locatiou

Description

'——'—.—_—._——————[
R4-FC-01 Little America, Casper, WY

FCC equilibrium catalyst from hopper

R6-FC-01 Shell, Norco, LA

FCC equilibrium catalyst off the
regenerator
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32.2.4 Source Reduction

Source reduction techniques are very difficult to formulate due to the limited number
of inputs 1o the system. The FCC unit inputs are heavy hydrocarbons and caualyst, neither of
which can be reduced, substituted or eliminated. However, by employing process efficiency
modifications and/or reuse procedures, spent catalyst can be diverted from landfilling.

One refinery reported in the §3007 survey that caked FCC catalyst generated during
turnaround was eliminated due to equipment and process changes.

A Peruvian FCC unit’s operations were T

improved by increasing the regenerator’s catalyst Peruwan reﬂner saves over
level. This increase resulted in lower stack losses, an $131,000 per. ymr m mtalyst
improved temperature profile, increased catalyst purcha_ges

activity and a lower catalyst consumption rate. (HC
Processing, 11/93)

Hydrotreating FCC feed helps to remove metals and sulfur compounds from the feed.
This can extend the life of the FCC equilibrium catalyst, which decreases the volume of
spent catalyst generated.

One common example of reuse is the use of equilibrium catalyst from one refinery’s
FCC at another refinery where the FCC unit requires catalyst with a lower activity level. In
1992, 50,000 MT of spent catalyst were used as a feedstock in the production of cement.
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Table 3.2.6. FCC Equilibrium Catalyst Characterization

Volatiks Organics — Melhod B206CA pg/kg

CAS Na. Ad—FC-01 RS—-FC—it Awverags Conc
100414 a8, < 570 3,485

103854 2,200 < 570 1,385
108383 17,000 < 570 8,785

5438 13,000 1,300 7150

108478 5,100| < 570 4,835

padre 14,000( < 570 8,785

DAY F 1Dad4 A5.000| < 570 11785
78033 4,400 < 570 85

94303 = a25 3,000 1,813

TCLP Volatile Organics — Matnode 4311 and 3200A ug/L

CAS No. R4~FC-D1 RE=-FC-01 Avarage Conc
784t 100 < &0 75

108883 B 180 < B0 105
108363 / 100423 B 150 < &0 160
78033 150 < E ] 100

Semivclatie Orgenica — Method 82708 Lg/kg

CAS No. R4~FG-01
201204 510« 185 334
ats5ra aro|< 185 518
gt203 870| < 105 41
84742 < 185 t 583

TCLP Semivolatila Organics — Mathods 5311 and BIT0R pg/L
CAS No. R4-FC-Dt RAB=-FC-0i Avarage Conc
IS N 23jy

CAS No. R4-FC—0t RB-FC-0i Avarags Conc
T420005 89,000.0 31,0000 60,000.0
Tq40382] < 1.0 25 1.8
7440003 90,0} < 200 105.0/
Td404t7 27 17 2.2
7440702 1,7000| < 500.0 1.100.0
T440473 17.0 4. 10.5
TqdoiB4| < 5.0 168. 1.5
Tq40508 190 13 18.0
7430008 4,8000 1,000 2,000.0
7430021 420 11.3 85
7439005 32.0|«< [E) 0.8
7440020 330.9| e1.0 210.5
7440235 9.800.0 1,800.0 5.850.0
T440022 £,200.0 720, 260.0
T440066 88.0 3] 8.7

15} 18]

Mavimum Conc
6,400

2.200

17.000

+3.000

5.400

1,000

35,000

$,400

3.000.

R8-FC-0t Avarags Conc Maximum Cong

515

Q7o
1,600

Maxtmum Canc

23}

Tatel Malais — Methods 6010, TOB0, 742+, T470, 74T1, and Té41 mg/kg

Maximum Conc
80.000.0
25
190.0
2.7
1.700.0
7.0
18.0
9.0
4.800.0
420
320
3300
@.800,0
¥,200.0
LLY]
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FCC EQUILIBARAIM CATALYST

% Candidence
TCLP Metals — Methods 1341, 8010, 7080, 7421, 7470, 7471, and 7841 mgjL intarval
CAS No. A4-FC=0%  RB-FC-0F Average Conc Wmimum Conc Sd Dew  Uppe: Limi Commens
Antimony 74400607 < 0.20 2.00 t.15 2.00 .2 377 2
lon 7439808; < 0.50 1.30 .00 1.30 0.57 253 2
Nickal 7440020, < 0.20 1.10 .85 t.1¢ 0.84 2.04 2
Vanadium 7440022 Q.50 0.85 5.18 0.50 932 1349 2
oinc 7440000 0.25{< 0.0 318 0.25 Q.41 .41 2
Commans:
t  Datection limits greaier than tha highust detected concaniration s exciuded fram the calculalions,
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Notes:
B Analye elsc detectsd inine ited d biank.
4 Compound's bn i estimated. Mast speciral daiw indcate the presence of a compound thal meals ihe idantdicalion

criaria for which the rest s isss than the laboralory detection [unit, bul grester than zero,
NO Nol Delected.
NA Nol Applicadle.
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3.2.3 FCC Catalyst Fines - Residual S

3,2.3.1 Description

Fluid catalytic cracking is the only catalytic cracking process that generates a residual
of catalyst fines (RCCs also produce catalysts fines, however the RCC process is identical to
the FCC process only processing heavier feeds). In the FCC process, the flue gas off the
regenerator will likely have any of a number of optional units associated with it for air
pollution control. The flue gas is composed of catalyst fines, nitrogen from the air used for
combustion, the products of coke combustion (the oxides of carbon, sulfur, nitrogen, and
water vapor), and trace quantities of other compounds (Meyers, 1986). Flue gas is directed
through cyclone separators to minimize catalyst entrainment prior to discharge from the
regenerator. The flue gas exits the regenerator at high temperature, approximately 700° to
780°C, and at pressure of about 30 psig. Depending on local air pollution control standards,
the remaining catalyst fines may he removed in an electrostatic precipitator or a wet gas
scrubber, or can be sent directly to the stack.

In electrostatic precipitators, catalyst fines are collected by using the mutual attraction
between particles of one electrical charge and a collecting electrode of opposite polarity.
Using high-voltage electrodes, the flue gas is ionized and the catalyst fines in the gas become
charged. The charped fines then migrate to the plate electrodes, where fines collection
occurs. The deposited fines are usually removed from the electrodes by rapping or vibration.
With relatively weak electrical attraction between the fines adjacent to the plate and the plate
itsclf, the fines fall by gravity into a collection hopper (Wark and Wamner, 1981).

In wet gas scrubber systems, the flue gas and any entrained catalyst are scrubbed
using a circulatdng water system. Caustic is added to the water to neutralize the SQ, and
NH, scrubbed out of the flué gas. Some refineries use spent caustic from liquid treating
operations in their FCC off-gas scrubbers. The catalyst fines settle out of the water in
scrubber ponds or are sent to a dewatering system. The catalyst is removed from the ponds
as needed.

Although this is a high-volume stream, less than 2 percent of its volume is currently
managed as hazardous. Some refineries manage their FCC catalyst and fines in an onsite
dedicated catalyst monofill,

3.2.3.2 Generation and Management

The §3007 questionnaire responses indicated that 67,816 MT of catalyst fines were
generated in 1992, Residuals were assigned to be "FCC fines" if they were assigned a
residual identification code of "solid catalyst fines” and were generated from a process
identified as an FCC unit. This corresponds to residual code 03-B in Section VII.2 of the
questionnaire and process code 04-A in Section IV-1.C of the questionnairc. Except for the
RCC, other catalytic cracking units were omitted from this designation. Table 3.2.7
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provides a description of the total quantity generaled, number of streams reported, number of
unreported volumes, and average and 90th percentile volumes.

Table 3.2.7. Generation Statistics for FCC Catalyst Fines
Final Management # of # of Total Average 90th
Streams Unreported Volume Yolume Percentile
Yolume (MT) (MT) Volume
Streams MT)
Disposal offsite Subtitle D landfill 44 1 32,819 746 1,250
Disposal onsite Subtitle D landfill 11 0 8,501 773 1,718
Disposal offsite Subtitle C landfill 4 0 763 190 5350
Disposal onsite Subtitle C landfill 2 0 11.4 5.7 6.4
Offsite land treatment 2 0 419 210 416
Disposal/storage in surface 4 0 7,096 1,774 5,300
impoundments!
Other disposal onsite/cap for 2 0 2,930 1465 1,630
landfarm
Other disposal onsite/fill material 1 0 1,633 1,633 1,633
Other disposal onsite/vent tn 2 1 1,640 205 421.4
atmosphere
Recovery onsite in FCC 1 0 250 250 250
Other rsuse/cement plant - 19 0 10,048 529 1,460
Transfer for use in products 2 0 1352 676 698
placed on the land
Transfer to another petroleum 1 0 9 91 91
refinery
Settling 2 0 263 131.5 263
Total FCC fin 103 5 67,816 658 1,627
— =

! Five facilities with 6 surface impoundments were reported in the §3007 survey (for all generating years). Two
are permitted as SWMUs, five are used for interim or final management of scrubber fines.
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Plausible management scenarios were chosen by EPA on which to perform the risk
assessment model. The scenarios were chosen based on the numerous "high potential
exposure” disposal practices currently used, which negated the need for projecting
hypothetical "plausible” mismanagement. Given the Agency’s past experience with risk
assessment modeling, the management practices summarized in Table 3,2.7 were reviewed to
identify those practices likely to pose the greatest threats to human health and the
environment.

The selected management practices are:

. An onsite monofill will be used as the worst-case plausible mismanagement.
Because the volumes and generation rates are sufficient, onsite monofills are
used by industry and plausible large volumes can go into a monofill.
Refineries reported 41,320 MT (about 61 percent) of catalyst fines were
disposed in Suhtitle T3 landfills,

. While it appears to be a relative rare practice, the Agency also modeled
disposal in surface impoundments to confirm that the scenario was not of

Concermn.

A summary of EPA’s reasoning in selecting pathways for quantitative risk assessment
modeling is presented in Table 3.2.8.

The Agency did not model storage of FCC catalysts and fines. FCC catalysts and
fines are typically managed in pneumatic containers and hoppers prior to final management
due to their particle sizes and the large volumes handled. These storage vessels are designed
to minimize dust emissions and control losses, The Agency, however, did mode] potential
air releases in the modeled monofill scenario for FCC residuals. Thus, interim storage was
not modeled because of the nature of the storage vessels typically used and the consideration
of air pathway releases during long-term final management.

Management unit characteristics were reported in the §3007 questionnaire. Table
3.2.9 provides the management unit information for the FCC fines. Table 3.2.10 provides
the management unit information for the FCC catalyst and fines combined.

Petroleum Refining Listing Determination
Fina| Background Document 65 October 31, 1995



Table 3.2.8. Selection of Risk Assessment Modeling Scenario: FCC Catalyst Fines

Management
Disposal offsite Subtitle D landfill

S T e e r————
Basis for Consideration in Risk Assessment

Not modeled, monofill scenario was assumed to pose greatest
potential risk because the residual is not mixed with or diluted

with other materials io an uplined monofil]

Disposal onsite Subtitle D landfill

Modeled as a monofill

Dispusal offsite Subtitle C Jandfill

Not modeled, already managed as hazardous - uo incremental
risk to control

Disposal onsite Subtitle C landfill

Not modeled, already managed as hazardous - no incremental
risk to control

Offsite land treatment

Not modeled, monofiil scenario was assumed to pose greatest
potential risk

Disposal/storage in surface impouadments

Modeled

Other disposal onsite'

Covered by landfill scenario

Recovery onsite in FCC

Not modeled, assumed closed loop recycling

Other reuse/cement plant

Not modeled. assumed small percentage of feed to cement kiln
with very low levels of constituents of concern. Cement
would tend to immobilize any trace metals present.

Trunsfer for use in products placed on the
land

Not modcled, assumed to be uscd in ccment manufacture, scc
above '

Transfer to another petrolenm refinery

Not modeled, exempt management practice

Settling

Not modeled, not a final management practice

! Dther onsite disposal includes cap for landfarm, fill material, and vent to atmosphere.

Petroleum Refining Listing Determination

Final Background Document 66 October 31, 1995



‘l Table 3.2.9. Management Practices Targeted for Risk Assessment

FCC Catalyst Fines

Parameters # of ¥ of # RC w/ Total 10th % 50tk % 90th %
Fac. RC Unreported Volume Volume Volume Yolume
Volume (MT) {MT} (MT) (MT)
L ]
|
Onsite Subtitle D e 11 [4] 8,501.2 — 132 1,718.2
Landfils
Offsite Subtitle D s a4 1 32,819.1 — 331 1,250
Landfills
Onsite and Offsite 40 55 1 41,320 — 414 2,753.6
Subtitle D Landfills’
Onsite Landfill Characteristics
Surface Area (acres) 1 7 50
Remaining Capacity (1000 cu.yd.) 1.3 24,45 8,500
Percert Remaining Capacity 0.5 5 23
Total Capacity (1000 cu.yd.) 15 75.325 10,200
Number of Strata in Completed Unit 0 1 400
Depth Below Grade (ft) 1 5 15
Height Above Grade (ft) o 7 25
# of Landfills: 11
Aquifer Information
Depth to Aquifer (ft) 7 29.5 207
Distance to Private Well (ft) 5,000 8,985 26,800
h Population Using Private Well 3 3 3
Distance to Public Well (ft) 5,000 13,200 58,000
Population Using Private Well 250 1,750 2,000

# of Aquifers: 10

Source: Public Private
Unreported 5 p
Uppermost 2 1
Lowcrmost 1 5

Classification of Uppermost Aquifer
Current or potential source of drinking water (3)
Not considered & potential source of drinking water (7)

—

! The mean and\or 50th percentile were determined by using a management unit loading method (i.c., more than one waste
stredm may be disposed of in one mansgement unit causing the 90th percentile number ta achially be tha sum of 2 or 3
waste volumes).
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Table 3.2.10. Management Practices Targeted for Risk Assessment l

FCC Catalyst and Fines

e b i iy ——
Parameters ¥ of # of # RC w/ Total 10th % S0th % 950th %
Fac, RC Uareported Volume Volume Yolume
Volume (MT) (MT) (MT)
e NS
Onsite Subtitle D 11 22 0 112215 —_ 412 5,662
Landfills®
Offsite Subtitle D 35 79 1 56,146 e 605 3,507
Landfills®
Onsite and Offsite 36 101 1 67,341 —_ 602.5 5,662
Subtitle D .
Landfills'? Ongite Landfill Characteristics
Surface Area (acres) 1 7.13 50
Remaining Capacity (1000 cu.yd.} 3 24.5 9,100
Percont Remaining Capacity 0.5 5 44
Total Capacity (1000 cu.yd.) 15 78.2 10,498
l Number of Strats in Completed Unit i} 3 400
Depth Below Grade (ff) [ 5 15
Height Above Grade (ft) 0 15 72

# of Landfills: 16

Aquifer Information

Depth to Aquifer (ft) 12 34.5 200
Distance to Private Well (ft) 1,000 8,970 26,800
Population Using Private Well 1 2 3
Distance to Public Well (ft) 5,000 10,100 58,000
Population Using Private Well 250 1,750 2,000
# of Aquifers: 14

Source: Public Private

Unreported 7 8

Uppermost 2 4

Lowermaoat 5 2

Classification of Uppermost Aquifer
Current or potential source of drinking water (5)
" Not considerad a polential source of drinking warer (9)

re
e

} The sumber of lndfills characicrized in Table 3.2.10 is greater than indicated in Tables 3.2.1 sad 3.2.7 which focysts anty oo vohmnes generated in
1992. Table 3.2.10 incorporates data from all landfills rocciving catalyst and finca m any year reported in the §3007 survey,

! The mean aod\r P08 pascatils wore i icd by using & managomens unlt koading @ebod (i.6., mors than one waste sivesm may be disposcd of
one MADAZCMED! unit causing the 90th percentile number to actually be the sum of 2 or 3 waste volumos),
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3.2.3.3 Characterization

As discussed above, the category of "catalyst and fines from catalytic cracking” as
defined in the EDF consent decree includes the subcategories of "equilibrium catalyst™ and
"fines”. These subcategories were chosen because these two residuals are generated at
different points in the process and because the Agency hypothesized that the different particle
sizes of catalyst and fines might resuit in different risk results. See Section 3.2.2 for a
description of catalyst from catalytic cracking. The subcategory "fines” was further divided
based on how the residual fines are collected (e.g., wet or dry scrubber systems).

Two sources of residual characterization were developed during the industry study:

N Table 3.2.11 summarizes the physical properties of the catalyst as reported in
Section VIL. A of the §3007 survey.

’ Four catalyst fines samples were collected and analyzed by EPA. Two "dry”
samples of the catalyst fines were collected from the fines storage bins at the
electrostatic precipitator. Two samples of fines were collected from the wet
scrubbers: one was dredged from the fines storage pond, and one was
collected after the fines had been dewatered. Table 3.2.12 provides the
location and description of the collected samples.

As with FCC catalyst, there is little variation in feedstocks, catalyst type, and
regeneration practices across the industry and these sumples are believed to be representadve.
Table 3.2.13 provides a summary of the characterization data collected under this sampling
effort. Only constituents detected in at least one sample are shown in this table. As
presented in the data, none of the FCC fines samples collected exhibited the toxicity
characteristic even though heavy metals are present. High aluminum concentrations can be
attributed to the silica-alumina make up of the catalyst. Because the units operate at severe
operating condition, the spent catalyst fines have a very low organic content.

3.2.34 Source Reduction

As discussed for FCC equilibrium catalyst, ..
source reduction techniques are very difficult to E R S
formulate due to the limited number of inputs to the
system. However, by employing process efficiency modifications and/or reuse procedures,
catalyst fines can be diverted from landfilling. Examples include:

. Process modification - installing high-efficiency cyclones on the regenerator to
capture a greater percentage of fines escaping with the flue gas

¢ Process modification - installing an ESP instead of a wet gas scrubber to
enable the dry fines to be recycled
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Reuse - like cquilibrium catalyst, using fincs as a feedstock al cement plants.

s

e

Table 3.2.11. FCC Fines Physical Properties

e

Sample Number

R2-FC-01 Shell, Wood River, IL ESP fines

Location

e
Properties # of RC # of 16th % Mean 9th %
Unreported
Values

pH 53 51 3.8 6 8
Reactive CN, ppm 34 70 0 17.5 10
Reactive S, ppm 39 65 0 22.5 100
Flash Point, °C 33 71 60 89.9 125
Oil and Grease, vol% 38 66 0 0.2 1
Total Qrganic Carbon, vol% 31 73 0 0.12 0.35
Specific Gravity 45 59 0.78 1.5 2.32
Agqueous Liquid, % 63 41 0 13.9 75
Organic Liquid, % 60 44 0 0.07 0.01
Solid, % 95 9 56.3 90.18 100
Particle »>60 mm, % 18 25 0 0 0
Particle 1-60 mm, % 20 84 0 15 100
Particle 100 ym-1 mm, % 21 83 ] 21.4 100
Particle 10-100 um, % 35 69 0 66.9 100

| Particle <10 ym, % 27 77 0 34.6 100
Mean Particle diameter, microns 28 76 10 56 100

e — e e
o e
Table 3.2.12. FCC Catalyst Fines Record Sampling Locations

Description
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Table 3.2.13. FCC Fines Characterization

Volatlle Crpanica ~ Method 62604 p/kg

CAS No. A2-FC~01 R4-FC-02 A5-FC~-0% RO-FC~02 Avemge Conc Meaximum Coc
$08883 1,400« Si < 5i < & 354 1,400
102383 § 1084 1,500) < 6i < 5« 5 A 1,500

TCLP Volaila Organios — Methods 1315 and 82604 ugll.

CAS Na. R2-FC=01 RA4-FC-02 R5-FC-02 R8-FC-G2 Avemge Conc Maxsrum Conc
THOZ | < 50| < 50} B 140} < 50 4 140

108883 | < s0|B 250f =< 60} < 50 $00| 250

54T | « 50|B 87 < 50% < &0 S8 87
08383 / 100423 < s0|8 210f < 0] < 50 0 240

{Senivolatle Organics — Method 82T0B pgkg ¢

CAS No. R2-FC-D R4-FC-02 RS5—FC-02
7817 J 250}« 185 430§ J
1LY 2 165 < 185; J et J
0t} < 330} < 30§ J 85t J
8553 « 185{ < tasf J 78l <
248016} < 185 < 185§ J 100§ <
TR | < 165« 85 J 18D} <
45018 < 185} < 185 570} <
120000 < 185§« 165 J ! <
$10801 | < 330} < 23301 J 410} <

A5} < 330} < 330| J TI{ <

TCLP Semixlathe Drganics — Methods 131 1.and 82708 A
CAS No. A2-FC-0i R4-FC-D2 AS5-FC-02 RE-FC-02 Avemge Conc Mawimum Cone
108062 | < 50 < 50|08 3f8 15} 14} 15}

Tolai Metaia — Mathods 5010, 7000, 7421, 7470, 7471, end 7841 mgfig

CAS Mo, R2-FC-0§ R4-FC-02 RE&E—FC-02 RO-FC-02 Madmuam Cone
TARROS 1200000 73,0000 54,0000 47 L0000 120,006.0
T4H0G00 470i< B0 < 80 < [-1d) iTO
T4r0282 110« 40 22 33 D
Td A3 1660 550.0 550 2100 5800
T420a17 130 $8( < 06} < 0.5 30
TAMZ 2 1,56¢.0 26000 2,1000 1.4000 2,600.0
TAMMTS 420 E70 15.0 430 §7.0
Tasa84 28.0 180§ < 50 800 0.0
7440508 230 84,0 .24 9.0 4.0
T430800 65,0000 34,0000 +.800.0 11,0000 34,6000
Tase2 3a0 2100 12 84 2100
T4X0A5 280 100.0 110 64.0 1600
Ta¥07} < 45 200} < 85 < 85 0
74020 9565 7600 73.01 130:0/ 800.0
TTEMO2] < 8.5 16} < 05 < 05 36
7440235 23060 50000 14,0000 0.708.0 £4,0000
7440280 < 10 92| < 10§ < 1.0 a2
T440622 26000 6700 1100 2300 2,600
TAS0664 %0 300.0 220 at.0 0.0

n

P0% Canfidence
e
5td Dev  Upper Lima
sga; v25
748 At
#0% Confidance
Intervml
3idDev  LpperLimi
45 100
100 182
10 74
60 150
#0% Confidence
Intervad
S51dDev  Upper Limit
140 353
[%] 262
46 10
NA AA,
£3 81
a 175
203 432
NA NA
0 383
NA NA,
20% Confidence
Interval
510 Dev  Upper Limi
t 17}
0% Canfidance
Intarval
StdDev  UpperUimit
42,8563 101,098.3
205 E<Rr
45 6.1
2333 A4 8
04 86
5508 2,358.4
170 554
329 587
2448 45
14,4207 245608
975 144.8
365 B2
€3 154
429.8 B228
15 28
5,168.2 118827
1.4 25
1,157 10 168501
1218 2227

Commants

Commanta

Lo

1.2

Comments

28-Cat -85




Cakciuom
Chromum
Cobalt

iren
Manpanose

Vanadum

Pebicteurn Lising Analylicel Dria Summpy

FCOC EQUILIBARAM CATALYST ANES

2% Confidance
TCLP Metais — Methods 131%, 6050, 7080, 7421, 7410, 7474, and 7841 mgil ntenvel
CAS No, A2-FC-0f R4-FC-02 RE-FC-02 RB-FC-02 Average Conc Masimum Cont StdOev  UgperLimit Commarts
TAXR0S 110.60 1.00 430 410.60 102 58 28003
7430600 D.89f < 0.30; « 0.30 4.80, 020 [oX. "}
TMO2] < 25.00| &8.00 53.00 100.00 30.7T3 a5.42
TadM73 D24 005 « 0.05 .34 0.34 D20
THiDp4; < 025 « 0.25 C.7r2 e 02a 0.56
740508 0.40 0.13 « 0.3 D.401 0.14 0.38
7430000 15.00 1.60 32.00 300 12.40 2588
T4I0085 0.33 0.18 G.42 2.70 .20 189
Taa20 340 0.20 om T.50 Jxn 5o
Ta400822 400} < 0.25; < 025 £90 23 33z
T440080 [+X.1] 0.28 14.00 16.60 71.35 1139
Commants: -
1 Deleclion limits greater then e highest ditected concentraiicn are exciuced from the criculatians.
2 Upper Limit macesda the mauimum concentraiian,
Notes:

B Anslyla alsc dsetected I he aasncialed medhcd blank.
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ND Not Dutacied.
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3.3 HYDROPROCESSING

3.3.1 Process Description

Hydroprocessing is used to remove organic sulfur or nitrogen from crude oil fractions
ranging from heavy gas oils to naphthas. The hydrocarbon is heated and contacted with
hydrogen. The mixture then passes to a fixed catalytic bed. In the reactor, organic sulfur
and nitrogen are converted to H,S and NH,. In addition, metals that are present in the
hydrocarbon (such as common crude elements vanadium and nickel) are adsorbed onto the
catalyst, and some unsaturated compounds such as olefins or aromatics are saturated or
cracked to form lighter compounds. After the reactor, fractionators or stabilizers separate
the heavier hydroprocessed product from the newly formed ammonia. hydrogen suifide, and
light cracked gas. Typical reaction conditions are 550 to 850°F and 150 to 3,000 psi, with
the more severe conditions used for heavier feedstocks (McKetta, 1992). A simplified
process flow diagram for a typical hydroprocessing unit is shown in Figure 3.3.1.

Figure 3.3.1. Hydroprocessing Unit Process Flow Diagram

1::::. g” HpS and Light Ends
Light Gas Oil 5 5 ' '
VGO "
Naphtha ] & [ 1< - e
t a .m
S =5 |3
MakeupHz | i'~'~.":'_"1":.'-J Reform feed
Jet & Diesel fuels
Recydie Hz for Blending
FCC Feed
Spent Catalyst

In 1993, refineries reported hydroprocessing capacity of approximately 10.6 million
barrels per stream day in the United States (excluding Puerto Rico and the Virgin Islands).
This compares to a total U.S. crude oil distillation capacity of approximately 15.6 million
barrels per stream day. Therefore, hyproprocessing is used extensively in the refinery. The

most common types of feeds are as follows (DOE’s Petroleum Supply Annual 1993):

J Naphtha reformer feed (38 percent of hydroprocessing capacity). Naphthas
generated from distillation, cracking, and other processes often have a low
octane value. To boost octane, the stock is sent to a catalytic reforming unit.
However, because sulfur is a poison to the reformer catalyst the feed is almost
always hydroprocessed prior to entering the reformer reactors.
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. Distillate (34 percent of hydroprocessing capacity). Distillate includes both
diese! fuel and jet fuel. The 1990 Clean Air Act Amendments required the
sulfur content in on-road diesel fuel to be 0.05 percent by October 1993.
Many refineries have recently installed or expanded existing
hydrodesulfurization reactors as a "polishing step” for their diesel fuel.

Historically, jet fuel has required low levels of aromatics to megt specifica-
tions; these can be removed by saturation during hydroprocessing. (Anather
method, clay treating, also is common but is not a hydroprocessing process).

. Heavy gas oil (18 percent of hydroprocessing capacity). Heavy gas oil is a
common FCC feed. Hydroprocessing reduces SO, emissions in the flue gas
and decreases metal loadings on the FCC catalyst.

. Other/Residual (9 percent of hydroprocessing capacity). Other hydroproc-
essing applications include:

- Lubricants. Paraffinic stock is processed in the lube plant by hydro-
processing to remove organic sulfur and nitrogen, saturate aromatics,
and crack waxes.

- Gas oil/residual oil. Heavy oils may be hydroprocessed as feed to a
cracking unit. The extent to which these feeds are combined with
heavy gas oil for DOE’s calculation purposes is not known.

The above streams are associated with fuel processing operations. One other refinery
hydroprocessing application, sulfur plant tail gas treating, is associated with the facility’s
Claus (sulfur) plant (no fuel processing is conducted at the sulfur plant). As discussed
further in Section 3.9, a significant portion of sulfur unit catalyst is generated from tail gas
treating. A refinery’s Claus sulfur recovery unit generates an emission stream with CQ,,
H,0, and SO,. At facilities that further remove sulfur from this emission in a tail gas
treating unit, the most common approach is first to convert the SO, in the offgas to H,S by
hydroprocessing. Unlike other hydroprocessing units, however, there is no fractionation
following the reactor because the products are all light gases, This tail gas unit catalyst is
discussed here because it more closely resembles the other hydroprocessing catalysts in
characterization and management than the Claus unit cataltyst.

The most common hydroprocessing catalysts are nickel/molybdenum on alumina and
cobalt/molybdenum on alumina. Concentrations of cobalt or nickel are approximately 2 to 3
percent, while the concentration of molybdenum is approximately 10 percent (McKetta,
1992). Hydrocracking reactors, which conduct more extensive cracking than
hydroprocessing units and commonly use a different catalyst, such as nickel/tungsten, are not
included in this scope of hydroprocessing. The Agency is collecting data on hydrocracking
residuals separately.
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3.3,2 Hydrotreating Catalyst - Residual 6

3,3.2.1 Description

The distinction between “hydrotreating” and "hydrorefining” is not a clear one. Both
fall under the broad term "hydroprocessing” because both perform similar functions of
desulfurization, denitrification, and saturation. EPA has chosen to distinguish the two
processes by the type of feeds and the severity of treatment. Hydrotreating involves the
treatment of lighter boiling stocks under less severe conditions, while hydrorefining involves
the treatment of higher boiling stocks under more severe conditions. However, exceptions to
these definitions result from nomenclature used by process licensors. Hydrotreating catalyst,
therefore, is used in the treatment of:

. Naphtha
Lube oils
. Some middle distillates.

Note that the Qil & Gas Journal’s annual report on Worldwide Refining defines
hydrotreating to include "processes where essentially no reduction in the molecular size of
the feed occurs.” Subcategories of hydrotreating are identified as: (1) pretreating catalytic
reformer feeds, (2) naphtha desulfurizing, (3) naphtha olefin or aromatics saturation, (4)
straight-run distillate, (5) pretreating catalytic cracker feeds, (6) other distillates, (7) lube oil
"polishing,” and (8) other, The Agency belicves that its definition, while simpler, is
generally in keeping with the O&GJ definition. Further, because both hydrotreating and
hydrorefining catalyst are proposed to be listed as hazardous waste, more precise definitions
are not necessary.

As stated in Section 3.3.1, both
carbon (from cracking reactions) and metal
deposition will poison (deactivate) the
hydrotreating catalyst. Catalyst life is
dependent on the severity of cracking and
the metals loading; changeout occurs every
1 to 5 years. The catalyst closest to the
entrance (top) of the reactor becomes
deactivated first, and for this reason is
sometimes replaced more frequently than .
the whole reactor contents (this is a "
"topping" operation). When catalyst . ques
activity is unacceptable, the reactor is taken e
out of service and undergoes one or more
of the following steps to reduce the
hydrocarbon content of the reactor:
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Nitrogen sweep (to remove naphtha)

Hydrogen sweep (to bumn residual hydrocarbon)
Oxidation (to burn residual hydrocarbon)

Steam stripping or waler wash (to remove voladles).

The vast majority of refineries uses catalyst comprised of nonprecious metal oxides on
alumina. Based on a rotal of 349 hydrotreating reactors reporting spent catalyst generation in
the questionnaire, 53 percent reported using Ni/Mo catalyst, 38 percent reported using
Co/Mo catalyst, and 3 percent reported using the trimetal combination of nickel, cobalt, and
molybdenum on a single catalyst or as a combination of catalysts. The remaining 6 percent
reported using other metals. Precious metal hydrotreating catalyst such as palladium is
reportedly used in specialized applications but was not considered by EPA to be part of the
scope of the study. Hydrotreating catalyst component concentrations are presented in the
following table.

Fresh Hydrotreating Catalyst Component Concentrations (wt%)

Application l

Desulfurization - 2-5 8-20 0-2 Balance

Low severity desulfurization, 24 - 8-16 0-4 Balance
denitrogenation, & olefin saturation
Low severity desulfurization, 34 -- 15-20 4-8 Balance
denitrogenation, olefin saturation,
PNA saturation, mild hydrocracking _l

e e e

Source: Metal Catalyst Producers Panel of the Chemical Manufacturers Association.

Approximately 2,236 MT of the
hydrotreating catalyst generated in 1992 was
identified as displaying hazardous
characteristics. This is approximately 40
percent of the total volume managed.

As a supplement to the listing
determination effort, the Agency asked the
catalyst reclaimers and regenerators to
submit RCRA hazardous characteristic data,
particularly the ignitable or self-heating
properties, for the hydrotreating and
hydrorefining catalyst they receive for
regeneration or metals reclamation. Several
of the reclaimers\regenerators responded to the request and a summary of their information is
presented below.
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CRI-MET, a metals reclaimer, typically divides the catalyst-feed into two categories:
hydrotreating (HDS) and hydrorefining (resid). HDS catalyst are those which process non-
residual feeds. HDS catalyst are stripped of oil prior to dumping and contain silica, arsenic,
benzene, eic, CRI-MET responded that HDS catalyst have a higher potential than resid
catalyst to fail the DOT self-heating test especially as they typically are dumped oil free
allowing rapid access of air to any metal sulfides present in the catalyst. Resid catalyst
process residual (heavy) feeds. These catalyst are rarely free of oil prior to dumping and
contain elevated levels of deposited vanadium. CRI-MET has not had any resid catalyst fail
DOT’s test for self-heating. The large amount of oil (10-18%) which is inherently present
on these catalyst effectively seals any reactive metal sulfides from oxygen. If these catalysts
were oil-free, they would probably be self-heating like the HDS catalyst. CRI-MET said that
approximately 25 percent of the catalyst they receive is classified as RCRA hazardous: D001
(12.55%), D001 and other (2.14%), DQO3 (2.24%), D003 and other (1.15%), D001 & DOO3
(1.19%), and other (primarily D004 & DO18) (5.8%).

CRI International, Inc. (CRII), a catalyst regenerator, provided hazardous
characteristic information for the hydrotreating, hydrorefining and various petrochemical
catalyst they receive for regeneration. Table 3.3.1 provides the customer classification data
of the spent catalyst shipped to CRII's Lafayette, Louisiana regeneration facility, CRII also
stated that due to the pyrophoric/self-heating tendency of the catalyst they experience 3 to 5
uncontrolled temperature exotherms each year in their dust collector and 5 to 7 times per
year the plants have experienced uncontrolled exotherms of the spent catalyst. CRII stated
that due to the "absence of a really definitive test” for self-heating characteristics these spent
catalyst may or may not have been identified as potential self-heating or pyrophoric material.

=ﬂ'{l'able 3.3.1. CRI Ignitability and Reactivity Data for Hydroprocessing Catalysts |
Hazardous Characteristic 1992 (tons) | 1993 (tons) | 1994 (tons)
D001 1,035.4 2,017.7 533.7
D003 0 46.8 337.7
D001, D003 0 : 166.5 99.3
D001, D018 378.5 74.4 580.2
D003, DOI8 224.8 0 0
b001, boo3, D018 50.7 228.8 327.4
Total Ignitability & Reactivity 1,689.4 2,534.3 1,878.3
w’iutal Regeneratgl 3,000 _ 2,920 3,900

Gulf Chemical & Metallurgical Corporation (GCMC), a catalyst metals reclaimer, also
provided pyrophoric/self-heating and ignitability information for the hydrotreating and
hydrorefining catalysts. GCMC conducted a study to determine the effect of hydrocarbon
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content on the cawalyst's {lash point and the effect of the free oil content on the setf-hearing
characteristic. The following summarizes their results.

. The catalyst flash point was reduced by adding free oil. ‘[he additon of 16%
free oil reduced the flash point from 280° to 195°F. The presence of light
hydrocarbons, with flash points below 140°F, could change the ignitability of
spent catalyst. The study of the effect of different types of oil on the flash
point was not part of this work.

. RCRA non-hazardous spent catalyst clearly exhibited self-heating
characteristics when held in an oven at 140°C for 24 hours. The chemical
changes increased the temperature of the sample to 257°C,

. The volume of material and the availability of oxygen affect self-heating
characteristics. The temperature at the beginning of the test was between 8§0°
and 175°C depending on depth. The heat generated in a pile of catalyst stored
outdoors increased the temperature of the pile, 3 feet below the surface, to
320°C in 30 days. At 6 feet helow surface, the final temperature was 235°C
and 140°C at 10 feet. The temperature increase was almost linear at a rate of
7°C per day.

. Spent catalyst stored in piles exhibit self-heating and self-ignition
characteristics.

3.3.22

The spent catalyst is vacuumed or gravity dumped from the reactors. Based on
information from site visits, most refineries place the material directly into closed containers
such as 35-gallon drums or flow-bins. The RCRA 33007 questionnaire and site visits
indicate that very few of refineries use other interim storage methods.

Ninety-two facilities reported generating a total quantity of 5,640 MT of this residual
in 1992, according to the 1992 RCRA §3007 Questionnaire, Residuals were assigned to be
"spent hydrotreating catalyst” if they were assigned a residual identification code of "spent
solid catalyst” or "solid catalyst fines” and were generated from a process identified as a
hydrotreating unit. These correspond to residual codes 03-A and 03-B, respectively, in
Section VII.2 of the questionnaire and process code 06 in Section IV-1.C of the
questionnaire. Quality assurance was conducted by ensuring that all hydrotreating catalysts
previously identified in the questionnaire (i.e., in Section V.B) were assigned in Section
VIL.2. Based on the results of the questionnaire, 131 facilities use hydrotreating units and
thus are likely to generate spent hydrotreating catalyst. Due to the infrequent generation of
this residual, not all of these 131 facilities generated spent catalyst in 1992. However, 1992
is expected to be a typical year in regard to catalyst change-out volume and management.
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Table 3.3.2 provides a description of the quantity generated, number of streams reported,
number of unreported volumes, and average and 90th percentile volumes.

Table 3.3.2. Generation Statistics for Spent Hydrotreating Catalyst, 1992

s 1

Final Managemeat # of # of Streams Total Average 90th

Streams w/ unreported Volume Volume Percentile
volume MT) MT) Yolume (MT)

Transter melal catalyst for reclamation or 122 8 4,274 35 100
regencration (estimate)
Disposal offsite in Subtitle C landfill 21 2 639 30 i
Disposal in offsite Subtitle D land£ll 20 | 408 20 56
Reuse! 8 0 202 25 85
Other offsite management® 3 0 43 14.4 26
Disposal in onsite Subtie D landfill 3 0 12 4 12
Onsite land treatment 1 0 7 7 7
Storage/unknown offsite® 5 0 36 11 35.2
TOTAL " 5,640 31 T7.4

! Onsite reuse includes reuse as catalyst in the same or a similar unit, and reuse of catalyst support balls,
? Quher offsite management includes incineration and stabilization.
} Storage/unknown oifsite includes (1) onsite stornge with no final management and (2} transfer 10 an unspecified offsite

facility.

Plausible management scenarios were chosen by EPA on which to perform risk
assessment modeling. The scenarios were chosen based on the existing and possible "high
potential exposure” disposal practices currently used. Given the Agency’s past experience
with risk assessment modeling, the management practices summarized in Table 3.3.2 were
reviewed to identify those practices likely to pose the greatest threats to human health and the
environment. The sclected management practices are:

. Onsite Subtitle D landfilling (used for 0.2 percent of the total residual
volume). An onsite monofill scenario was rejected because of the intermittent
(less than once per year) generation frequency which is not typical of waste
that tends to be monofilled.

. Offsite Subtitle D landfilling (used for 7 percent of the total residual volume).

The risk assessment input quantities for modeling releases using these scenarios were
derived from the distribution of volumes from all management practices except for Subtitle C
landfilling. These input values were greater than those associated with Subtitle D landfilling.
The Agency chose this approach to determining risk assessment model input parameters after
evaluating current trends in management practices. Information provided by catalyst
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reclaimers such as CRI-MET indicates that refineries have been shifting from reclamation 10
landfilling because of the depressed metals markets. This economic factor has made
landfilling significantly more cost-effective than reclamation (aside from any potential
liability reductions associated wilh reclamation). EPA predicted that if the risk assessment
modeling were to show no basis for listing hydroprocessing catalysts, the trend to increase
landfilling would be accelerated. As a result, the Agency determined that it was appropriate
to consider the entire distribution of volumes reported in 1992 in creating the risk assessment
inputs, rather than limiting the inputs to those catalysts reported to be tandfilled in Subtitle D
units. The only exception was those volumes reported to be managed in Subtitle C units
which were assumed to be characteristic and thus would never be managed in Subtitle D
units.

The dominant management method for this residual, transfer for offsite metals
reclamation/regeneration, was'not selected for modeling risks. A small number of catalyst
reclaimers service the refining industry, such as CRI-MET in Louisiana and Gulf
Metallurgical in Texas, and reclaim spent catalyst for its vanadium, nickel, and molybdenum
metal values. EPA conducted engineering site visits to both facilities. Both of these
reclamation facilities routinely manage both characteristically hazardous and nonhazardous
spent catalysts. One facility segregates the hazardous and nonhazardous feedstocks but
following storage, both the hazardous and nonhazardous feeds are subjected to the same
process. Therefore, risks from processing are equal for both characteristic and nonhazardous
wastes.

A more detailed study of the catalyst recycling industry would be a significant
endeavor, and was determined to be outside the scope of this listing determination. Based on
the site visits described above, EPA believes that the practice of spent catalyst reclamation is
valuable because it is consistent with the intent of RCRA and because, based on EPA’s -
preliminary review of this ifidustry, the spent catalysts appear to be managed and processed
in a way that controls risks.

Two velume scenarios were used in the risk assessment:

v Using volume statistics for all management practices except those in a Subtifle
C landfill. This assumption reflects the theory that a "no-list" decision might
encourage refineries to choose Subtitle D landfilling over metals reclamation
(which is a cost-effective choice only when metals prices or liability concerns
are high).

. Use statistics for all wastes landfilled in Subtitle D landfills. This assumption
is consistent with all other landfilled wastes.

A summary of EPA’s reasoning in selecting pathways for quantitative risk assessment
modeling is presented in Table 3.3.3. The Agency evalvated whether to model interim
storage practices, in addition to the final management practices described in Table 3.3.3.
Based on the engineering site visits and sampling trips, the Agency believes that on-site
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storage of these residuals is infrequent (i.e,, the catalysts are only generated every 2-3
years), short term in nature due to space constraints on the unit and costs associated with
container rental, and carefully controlled due to the potential pyrophoric nature of the
residual (e.g., In closed flobins under an inert gas blanket),

The characterization data for the management units and their underlying aquifers were
collected in the §3007 survey. Table 3.3.4 provides a summary of the data for the targeted
management practices used in the risk assessments for this residual. This table is developed
using the RCRA §3007 survey of facilities reporting onsite landfilling of hydrotreating
catalyst in any reported year. The survey specified, that if the residual was not generated in
1992, to provide the information for the last year the residual was generated.

s —

Table 3.3.3. Selection of Risk Assessment Modeling Scenario:
Spent Hydrotreating Catalyst

r Consideration in Risk Assessment

Final Management Basis fo
AT TvI T v ——— e — '

Traosfor metal catalyst for reclamativn or Nut muodeled, see discussion oo previous page

regeneration

Disposal offsite in Subtitle C landfill Not modeled, already managed as hazardous - no
incremental risk to control

Disposal in offsite Subtitle D landfill Modeled

Ongsite rense’ Not modeled, excluded management practice

Other offsite management® Not modeled, minor volumes

Disposal in onsite Subtitle D landfill Modeled

Onsite land treatment Not modeled, de minimis volume (< 10 MT) unlikely to
present risk

Storage/unknown offsite’ Not modeled, minimal volume; no defined release path
of concern

rr—————

! Onsite reuse includes reuse as catalyst in the same or a similar unit, and reuse of catalyst support balls.

? Other offsite management includes incineration and stabilization.

? Storage/unknown offsits includes (1) onsite storage with no final management and (2) transfer to an
unspecified offsite facility. Interim storage was not modeled between release pathway would be unlikely due to
widespread use of closed containers.
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Table 3.3.4. Management Practices Targeted for Risk Assessment

Parameters # of # of 4 RC w/ Total 10th % Mean 90th %
Fac. RCs unreported Yolume Yolume VYolume Volume
volume MT) MT) ™M™ (MT)
e e e e ——
EEEE—
Onsite and Offsite 13 23 1 419 — 20 10
Subtitle D Landfiils>?
All Management - 163 15 5,000 — 20 77.4
Practicca Oxcopt . .
Subtitle C Landﬁlls"’ Onsite Landfill Characteristics
Surface Arca (acres) 0.02 7.38 Ao
Remaining Capacity (cu.yd.) 280 * 30,735 838,000
Percent Remaining Capacity 2 9 B0
Total Capacity (cu.yd.) 400 83,500 340,000
Number of Strata in Completed Unit 0 8 16
Depth Below Grade (ft) 3 18 50
Height Above Grade (ft) ] 0 12
A of Landfills: 5 ‘
Aquifer Information
Depth to Aquifes (ft) 14 39 265
Distance to Private Well (ft) 3,500 8,970- 26,400
Population Using Private Well 1 1 1
Distance to Public Well (ft) 13,200 26,400 58,000
Population Using Public Well 1,500 1,500 1,500
# of Aquifers: §
Source: Public Private
Unreported 3 1
Uppermost 1 2
Lowermost 1 1
Combination ] 1

Classification of Uppermost Aquifer:
Current or potential source of drinking water (1)

Not considered a potential source of drinking water (4)
e et e e -

! The number of onsito landfills characterized in this table is greater than indicated in Table 3.3.2, which focuses only on
volumes generated in 1992, Table 3.3.4 incorporates data from all onsite landfills receiving catalyst in any year reported in
the §30U7 survey,

! The mean and\or 90th percentile were determined by using 8. management unit loading method (i.e., more than one waste
stream may be digposed of in one management unit causing the 90th percentile number to actually be the sum of 2 or 3
waste volumes).

3 Models used the same input volumes for both on- and offsite Subtitle D landfill scenarios.
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3.3.2.3 terizari
Two sources of residual characterization were developed during the industry study:

. Table 3.3.5 summarizes the physical properties of the spent catalyst as report-
ed in Section VIL.A of the §3007 survey.

. Six record samples of spent hydrotreating catalyst were collected and analyzed
by EPA. These spent catalysts represent the various types of applications and
active metals used by the industry and are summarized in Table 3.3.6.

The collected samples are expected to be representative of naphtha hydrotreaters and
other distillate hydrotreaters. These comprise the majority of hydrotreating applications.
Five of the six samples represent naphtha feeds. This is well represented for one of the
principal services of hydrotreating reactors, but does not represent other applications such as
jet fuel hydrotreating. However, contaminants potentially present in naphtha feeds would
likely be present in other distillate hydrocarbon feeds. Therefore, spent catalyst from these
applications should be similar to spent catalyst from other feeds because the same function of
desulfurization is being performed. Five of the six samples represent nickel/molybdenum
catalyst. As discussed earlier, almost all reactors use Ni/Mo and/or cobalt/molybdenum,
with slightly more using nickel/molybdenum. This split, therefore, is representative of most
hydrotreating functions. Additionally, the samples represent different catalyst pretreatment
techniques, One of the samples was taken from catalyst that did not undergo a carbon burn
prior to dumping, IIowever, it is expected to be representative because, based on the results
of the RCRA §3007 questionnaire, not all catalysts undergo carbon burn.

Other hydrotreating applications account for a
small percentage of the hydrotreating universe,
Hydrotreating applications for lubricants include lube
oil hydrotreating, wax hydrotreating, and catalytic
dewaxing (used to crack waxes in lube oils) and are
- used by 20 facilities. According to the RCRA §3007
questionnaires, most (75 percent) of these facilities use
Ni/Mo catalyst. Other catalysts such as Co/Mo,
Ni/W, and palladium are used less frequently.
Hydrotreating units with palladium catalyst are
specifically excluded from the scope of this study
because only non-precious metal catalysts were the
subject of the EPA/EDF consent decree with respect to
hydrotreating (based on a review of the underlying
documents used in development of the consent decree
language (i.e., refer to MRI report)).

All six samples were analyzed for total and TCLP levels of volatiles, semivolatiles,
and metals. Three of the samples were found to exhibit the toxicity characteristic for
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benzene (i.e., the level of benzene in these samples’ TCLP extracty exceeded the
cortesponding regulatory level). The high aluminum, molybdenum, nickel, and cobalt
concentrations can be attributed to the catalyst make up: nickel/molybdenum or
cobaltmolybdenumn on dlumina. A summary of the resulis is presented in Table 3.3.7. Only
constituents detected in at least one sample are shown in this table.

Due to the pyrophoric nature of the spent catalyst, at least 2 refineries would not
allow sample collection from the flow-bins once they had been sealed. One refinery
requested the sample be stored in an inert atmosphere to decrease the possibility of the
sample igniting. Another refinery would not allow sample collection due to a possible
presence of nickel carbonyl.

Table 3.3.5. Hydrotreating Catalyst Physical Properties

#of # of 10th % | Mean | 90th %

Properties Values | Unreported
Values

pH 132 259 4.2 6.4 8.2
Reactive CN, ppm 102 289 0.03 30.7 50
Reactive S, ppm 122 269 1.0 845 160
Flash Point, C 112 279 43.3 84 127
Qil and Grease, vol% 59 328 0 3.6 2.0
Total Organic Carbon, vol% 52 339 0 4.0 10
Specific Gravity 94 297 0.66 | 1.10 | 2.06
BTU Content, BTU/Ib 27 364 0 1,244 6,177
Aqueous Liquid, % 179 212 0 1.3 2.0
Organic Liquid, % 180 211 0 0.5 1.0
Solid, % 289 102 96.5 98.8 100
Particle > 60 mm, % 86 305 0 21 100
Particle 1-60 mm, % 117 274 0 83 100
Particle 100 pm-1 mm, % 81 310 0 7.8 10
Particie 10-100 pm, % 66 325 0 2.1 1.0
Particle <10 pm, % 65 326 0 0.3 0
Mean Particle diameter, microns 37 349 0 2100 3,200
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Table 3.3.6. Hydrotreating Catalyst Record Sampling Locations
Sample number | Facility Description: Type of Feed, Catalyst
R1-TC-01 Marathon, Indianapolis, Naphtha reformer feed, Co/Mo catalyst
IN
R8A-TC-01 Amoco, Texas City, TX FCC feed, Ni/Mo catalyst
R3B-TC-01 Exxon, Billings, MT Naphtha, Ni/Mo catalyst
R11-TC-01 . | ARCO, Ferndale, WA Naphtha, Ni/Mo catalyst
R22-TC-01 Star, Port Arthur, TX FCC feed', Ni/Mo catalyst
R18-TC-01 Ashland, Canton, OH Naphtha reformer/isomerization feed,
Ni/Mo catalyst

' A unit accepting FCC feed would typically be designated as hydrorefining; however, the generating facility
designated this sample w be hydroueming catalyst.

3.3.24 Source Reduction

Little can be done to reduce the quantity of these generated catalysts since, by design,
they must be periodically replaced with fresh catalyst. The greatest waste minimization
opportunities arise from sending these materials offsite for metals regeneration, reclamation
or other reuse. ‘

The engineering site visits reported some incremental process or treatment modifica-
tions that can result in lower volumes of spent catalyst or lower risk/toxicity. These include:

. Offsite regeneration and reintroduction to reactor results in lower volumes of
catalyst being disposed or reclaimed.

. Separation of support material for onsite reuse reduces the volume of material
sent offsite.
. Upstreamn process changes to eliminate catalyst poisons reduce the frequency

of catalyst turnover.

In addition, the literature reports some operational modifications that can be used to
decreasc spent catalyst generation. These are summarized in Table 3.3.8.
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] Table 3.3.8. Documented Source Reduction Options for Hydrotreating Catalyst |

Reference Waste Minimization Methods

McKetta, 1992 Guard columns can be used to
adsorb metals that would otherwise
deactivate the main column.

Monticello, D.J. "Biocatalytic Desulfurization." Material substitution (eliminating
Hydrocarbon Processing. February 1994, use of metallic catalysts).
"NPRA Q&A 1. Refiners Focus on FCC, Regeneration. Top-bed skumming.

Hydroprocessing, and Alkylation Catalyst." Oil &
Gas Journal. March 28, 1994,

Gorra, F., Scribano, G., Christensen, P., Material substitution.
Anderson, K.V., and Corsaro, 0.G, "New
Catalyst, Improve Presulfiding Result in 4+ Year
Hydrotreater Run.” Oil & Gas Journal. August
23, 1993.

"Petroleum-~derived Additive Reduces Coke on Process modification.
Hydrotreating Catalyst.” Oil & Gas Journal.
December 27, 1993.

Berrebi, G., Dufresne, P., and Jacquier, Y. Metals reclamation.
"Recycling of Spent Hydroprocessing Catalysts:

EURECAT Technology.” Environmental Progress,
May 1993. '
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3.3.3 Hydrorefining Catalyst - Residual 7

3.3.3.1 Description

Hydrorefining catalyst is generated in a manner similar to hydrotreating catalyst.
Units generating hydrorefining catalyst include the following:

. Gas oil desulfurization
Reasidual desulfurization
. Desulfurization of some middle distillates.

Note that the Oil & Gas Journal’s annual report on Worldwide Refining defines
hydrorefining to include "process where 10% of the feed or less is reduced in the molecular
size." Subcategories of hydrorefining are identified as: (1) residual desulfurization, (2)
heavy gas oil desulfurization, (3) catalytic cracker and eycle stock, (4) middle distillate, and
(5) other. The Agency believes that its definition, while simpler, is generally in keeping
with the O&GJ definition,

The poisoning mechanisms for hydrorefining catalyst are similar to those for hydrotre-
ating catalyst and catalyst removal is conducted in the same way. However, some facilities
take great care to keep the hydrorefining catalyst in an inert atmosphere during all phases of
catalyst removal. This is because ferric sulfide, a byproduct of the reaction, can react with
oxygen and cause pyrophoricity.

When catalyst activity is unacceptable e
(every 1 to 5 years), the reactor is taken out of Catalyst Prefreatment Steps.
service and undergoes one or more of the T
following steps to reduce thé hydrocarbon
content of the reactor:

Nitrogen sweep (to remove naphtha)
. Hydrogen sweep (to burn residual
hydrocarbon).

The vast majority of refineries uses
catalyst comprised of nonprecious metal oxides
on alumina. Based on a total of 114
hydrorefining reactors reporting spent catalyst
generation in the questionnaire, 50 percent reported using Ni/Mo catalyst, 35 percent
reported using Co/Mo catalyst, and 11 percent reported using the combination of nickel,
cobalt, and molybdenum (either as one catalyst or as 2 mixture of catalysts). The remaining
4 percent report using miscellaneous combinations of these metals. Usage of precious metal
hydrorefining catalyst, if any, was not investigated by EPA as part of the scope of the study.
Hydrorefining catalyst component concentrations are presented in the following table.
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Approximately 5,028 MT of hydrorefining _"'—'m———"———

catalyst generated in 1992 were identified as 1992 I1d entl.fxca t i on of
displaying hazardous characteristics. This is Hydroreﬂ_nmg Catalyst o
approximately 27 percent of the total volume

managed. For more information on hazardous D018 {TC benzene}: 3, 164 MT
characteristics and the pyrophoric or self-heating D001 (Ignitable) - 1 671 MT
tendencies of hydrotreating and hydrorefining D004 (TC arseruc) 755 MT

catalysts refer to Section 3.3.2.1.

L Apphcatlon i Mo(); P,Os ‘e&le,g'=£
Fixed bed, NiMo 2-5 - 12-18 0-7 Balance
Fixed bed, CoMo - 2-5 12-18 0-5 Balance
Ebullating bed e 3-1# - 13;18 0-2 Balance

Source: Metal Catalyst Producers Panel of the Chemical Manufacturers Association.
3.3.3.2 tion and Man ent

The spent catalyst is vacuumed or gravity dumped from the reactors. Based on
information from site visits, most refineries place the material directly into closed containers
such as 55-gallon drums or flow-bins. The RCRA §3007 questionnaire and site visits
indicate that few refineries use other interim storage methods.

Thirty-eight facilities reported generating a total quantity of 18,634 MT of this
residual in 1992, according to the 1992 RCRA §3007 questionnaire. Residuals were assigned
to be "spent hydrorefining catalyst” if they were assigned a residual identification code of
"spent solid catalyst” or "solid catalyst fines” and were generated from a process identified
as a hydrorefining unit. These correspond to residual codes 03-A and 03-B, respectively, in
Section VII.Z of the questionnaire and process code 07 in Sectlon IV-1.C of the
questionnaire. Quality assurance was conducted by ensuring that all hydrorefining catalysts
previously identified in the questionnaire (i.e., in Section V.B) were assigned in Section
VII.2. Based on the results of the questionnaire, 58 facilities use hydrorefining units and
thus likely generate spent hydrorefining catalyst. Due to the infrequent generation of this
residual, not all of these 58 facilities generated spent catalyst in 1992, However, 1992 is
expected to be a typical year in regard to catalyst change-out volume and management.
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Table 3.3.9 provides a description of Lthe quantity generated, number of streams reported,
number of unreported volumes, and average and 90th percentile volumes.

T e Lo

Table 3.3.9. Generation Statistics for Spent Hydrorefining Catalyst, 1992

Final Management # of # of Streams Total Average 90th
Streams with Volume Yolume Percentile
unreported M {MT) Volume (MT)
volume
Transfer metal catalyst for 63 0 15,359 244 500
reclamation or regeneration (estimate)
Disposal offsite in Suliide D landfill 5 o 2,348 470 2,099
Disposal onsite in Subtitle D landfill 1 0 700 700 700
Digposal offsite in Subtide C landfill 2 o] 198 99 i51
Offsite recycle 1 0 29 29 29
TOTAL 72 [+) 18,634 255 500

! This particularly high volume was verified with the generating facility; the spent catalyst was generated from a large unit.

Plausible management scenarios were chosen by EPA on which to perform risk
assessment modeling. The scenarios were chosen based on the existing and possible "high
potential exposure™ disposal practices currently used. Given the Agency’s past experience
with risk assessment modeling, the management practices summarized in Table 3.3.9 were
reviewed to identify those practices likely to pose the greatest threats to human health and the
environrnent.

The selected management practices are:

o Onsite Subtitle D landfilling (used for 4 percent of the total residual volume).
An onsite monofill scenario was rejected because of the intermittent (tess than
once per year) generation frequency which is not typical of waste that tends to
be monofilled.

. Offsite Subtitle D landfilling (used for 13 percent of the total residual volume)

The input quantities for modeling releases using these scenarios were greater than
those actually landfilled in 1992. Instead, the management quantity is assumed to be the total
quantity generated (minus that managed in Subtitle C units already). This is because other
management methods, in particular reclamation, could change to landfilling in the future due
to economic factors, convenience, or other factors. See Section 3.3.2.2 for additional
details.
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As with the hydrotreating catalyst, the Agency determined that it was unnecessary o
mode] interim storage prior to final management.

The management method accounting for the majority of the residual, transfer for
offsite metals reclamation/regeneration, was not selected for modeling risks. A small
number of catalyst reclaimers, such as CRI-MET in Louisiana and Gulf Metallurgical in
Texas, reclaim spent catalyst for its vanadium, nickel, and molybdenum metal values. Both
of these reclamation facilities routinely manage both characteristically hazardous and
nonhazardous spent catalysts. One of these facilities segregates the hazardous and
nonhazardous feedstocks, but following storage, both the hazardous and nonhazardous feeds
are subjected to the same process. Therefore, risks from processing are equal for both
characteristic and nonhazardous wastes.

A more detailed study of the catalyst recycling industry would be a significant
endeavor, and was determined to be outside the scope of this listing determination. Based on
the site visits described above, EPA believes that the practice of spent catalyst reclamation is
valuable because it is consistent with the intent of RCRA and because, based on EPA’s
preliminary review of this industry, the spent catalysts appear to be managed and processed
in a way that controls risks.

Two volume scenarios were used in the risk assessment:

. Using volume statistics for all management practices except those in a Subtitle
C landfill. This assumption reflects the theory that a "no-list" decision would
encourage refineries to choose Subtitle D landfilling over metals reclamation
(which is a cost-effective choice only when metals prices or liability concerns
are high).

. Use statistics for all wastes landfilled in Subtitle D Jandfills. This assumption
is consistent with all other landfilled wastes,

A summary of EPA’s reasoning in selecting pathways for quantitative risk assessment
modeling is presented in Tabie 3.3.10.

The characterization data for the management units and their underlying aquifers were
collected in the §3007 survey. Table 3.3.11 provides a summary of the data for the targeted
management practices used in the risk agsessment for this residual. This table is developed
from facilities reporting onsite landfilting of hydrorefining catalyst in any year according to
the RCRA §3007 survey.
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Table 3.3.10. Selection of Risk Assessment Modeling Scenario:
Spent Hydrorcfining Catalyst

T e

Final Management Basis for Consideration in Risk Assessment

Transfer metal catalyst for reclamation | Not modeled, see discussion on previous page
or regeneration

Disposal offsite'in Subtitle D landfill Modeled
Disposal onsite in Subtitle D landfill Modeled

Disposal offsite in Subtitle C landfill Not modeled, already managed as hazardous -
no incremental risk to control

Offsite recycle Not modeled, exempt management practice
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Table 3.3.11. Management Practices Targeted for Risk Assessment

Parameters #of | #of #RC w/ Total 10th % 50th % 90ih %
Fae, | RCs Unreported Volume Volume Volume Yolume
Volume T oD o™MT) (MT)
Qnsite and Ofisite 5 6 V] 3,048 — 37.25 2,250
Subtitle D Landfills®
All Management - n 0 18,436 ~— B8 500
Practices Except ) .
Sublide C Landfills™ Onsite Landfill Characteristics
Surfacc Arca (acrcs) 4.3 1.7 30
Remaining Capacity (cu.yd.} 6,970 70,500 838,000
Percent Remaining Capacity 2 3.5 20
Total Capacity (cu.yd.) 82,300 85,500 840,000
Number of Suata in Completed Unit v g 16
Depth Below Grade (ft) 3 18 50
Height Above Grade (ft) 0 1.5 12
# of Landhlls: 4
i Aquifer Information
Depﬁh to Aquifer (it} 14 335 97
Distance to Private Well (ft) 1,500 7,585 26,400
Population Using Private Well 1 1 1
Distance to Public Well {ft) 26,400 42,200 58,000
Population Using Public Well ' 1,500 1,500 1,500
# of Aquifers: 4
Source: Bublic Private
Unreported 3 1
Uppermost [} 1
Lawermost 1 1
Combination 0 1

Classification of Uppermost Aquifer:

Current or potential eource of drinking water (0)

L Not considered a potential source of drinking water (4}

L e TR A SRR AP PR
! The number of onsitc landfills characterized in Table 3.3.11 is greater than indicated in Table 3.3.9, which focuses only
on volumes generated in 1992. Table 3.3.11 incorporates data from all onsite landfills receiving catalyst in any year
repartad in the §3007 survey.

? The mean and\or $0th percentile were determined by using a management unit Joading method {i.c., more than one waste
stream may be disposed of in ane management unit cavsing the 90th percentile number to actually be the sum of 2 or 3
waste volumes),

¥ Models used the same input volumes for both on- and offsite Subtitle D landfill scenarios,
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3.3.3.3 Characterization
Two sources of residual characterization were developed during the industry study:

. Table 3.3.12 summarizes the physical properties of the spent catalyst as report-
ed in Section VII.A of the §3007 survey.

. Three record samples of spent hydrorefining catalyst were collected and
analyzed by EPA. These spent catalysts represent the various types of applica-
tions and active metals used by the industry and are summarized in Table
3.3.13.

These samples are representative of two important feeds to hydrorefining units, heavy
gas oil and diesel fuel. As discussed earlier, almost all hydrorefining reactors use Ni/Mo
and/or cobalt/molybdenum, with slightly more using nickel/molybdenum. Both catalyst types
are represented by the sampling.

All three samples were analyzed for total and TCLP levels of volatiles, semivolatiles,
and metals. One of the samples was found to exhibit the toxicity characteristic for benzene
(i.e., the level of benzene in this sample’s TCLP extract exceeded the corresponding
regulatory level). Two samples were found to exhibit the toxicity characteristic for arsenic.
The high aluminum, molybdenum, nickel, and cobalt concentrations ¢an be attributed to the
catalyst make up: nickel\molybdenum or cobalt\molybdenum on alumina. A summary of the
results is presented in Table 3.3.14. Only constituents detected in at least one sample are
shown in this table.

At one refinery, the spent hydrorefining catalyst was collected by refinery personnel
on supplied air because of high airbome arsenic concentration levels.

3.3.34 Source Reduction

All source reduction efforts and limitations tabulated for hydrotreating catalyst
(Section 3.3.2.4) are applicable for hydrorefining catalyst.
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i Table 3.3.12. Hydrorefining Catalyst Physical Properties

| # of # of 10th % | Mean | 90th %

Properties Values | Unreported
] Values

pH 53 N 71 4.9 6.7 9.2
Reactive CN, ppm 34 90 0 4.7 10
Reactive S, ppm 52 72 0.25 892 100
Flash Point, C 46 78 48.9 87 110
Oil and Grease, vol% 31 93 0 22 12.5
Total Organic Carbon, vol% 23 101 0 7.0 21
Specific Gravity 46 78 0.7 1.45 2.5
BTU Content, BTU/Ib 13 111 0 1,684 | 4,700
Aqueous Liquid, % 54 70 0 3.6 17
Organic Liquid, % 50 74 0 1.0 3.75
Solid, % 92 32 83 97 100
Particle > 60 mm, % 28 96 0 4 0
Particle 1-60 mm, % 47 77 50 89 100
Particle 100 um-1 mm, % 36 88 0 6.7 25
Particle 10-100 ym, % 29 95 0 4.6 7.5
Particle <10 um, % . 26 98 0 0.3 0
Mcan Particle diameter, nﬁcrom ____}9 104 U___ 1,344 | 3,175

| Table 3.3.13. Hydruref'uiing Catalyst Rei:()_rtil Sampling Locations
Sarmnple number Facility ) Description: Type of Feed, Catalyst
RS5-TC-01 Marathon, Garyville, LA Heavy gas oil, Co/Mo catalyst
R7B-TC-01 BP, Belle Chasse, LA Diesel, Ni/Mo catalyst

.LRzl-RC-Ol Chevron, Port Arthur, TX | Diesel, Co/Mo catalyst
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3.3.4 Catalyst from Sulfur Complex and H,S Removal Facilities (Tail Gas Treating
Catalyst) - Residual 8

3.3.4.1 Descriprion

SCOT®-like tail gas treating catalyst is generated in a manner similar to hydrotreating
catalyst. The unit’s purpose is to convert SO, to H,S. Units generaing SCOT®-like tail gas
treating catalyst include the following:

. SCOT®-like units
. Beavon reactors (as part of a Stretford system or as part of an amine system)

A process flow diagram of the tail gas unit, which includes the hydroprocessing
reactor, is included with the discussion of sulfur catalyst in Section 3.9. Unlike
hydrotreating and hydrorefining catalysts, catalysts in SCOT®-like units are not exposed to
metals in the feed. Therefore, the poisoning mechanisms for tail gas catalyst are limited to
carbon deposition.

When catalyst activity is unacceptable, the
reactor 1s taken out of service and undergoes one or
more of the following steps to reduce the
hydrocarbon content of the reactor:

Nitrogen sweep (to remove naphtha)
Hydrogen sweep (to burn residual
hydrocarbon})

. Oxidation (to burn residual
hydrocarbon) -

The vast majority of refineries uses
cobalt/molybdenum on alumina catalyst. Based on
- a total of 69 SCOT®-like tail gas treating reactors reporting spent catalyst generation in the
questionnaire, 93 percent reported using Co/Mo catalyst. An additional 6 percent reported
using miscellaneous or unknown catalyst. This catalyst use profile is vastly different than
other hydroprocessing applications where the usage of Ni/Mo and Co/Mo catalysts is roughly
equal in the industry. Nickel catalyst is reported to be favored when denitrification reactions
are desired (McKetta, 1992). Cobalt catalyst is likely to be used because only sulfur
conversion is required for tail gas treating.

Approximately 83 MT of SCOT®-like catalyst generated in 1992 were identified as
displaying hazardous characteristics. This is approximately 23 percent of the total quantity
managed.
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_1992 Identnﬁcatlon of SCOT’-hke Catalyst

3.3.4.2 Generation and agem

The spent catalyst is vacuumed or

gravity-dumped from the reactors. Based on ‘_DOOI (lgmtdhle) . 66 MT
information from site visits, most refineries D003 ('Reactlve) 16 MT

place the material directly into closed _

containers such as 55-gallon drums or T"tal ‘de““f'ed as hmdm's* 33 MT

flobins. The RCRA §3007 questionnaire
data support these observations,

Twenty-one facilities reported generating a total quantity of 361 MT of this residual in
1992, according to the 1992 RCRA §3007 Questionnaire. Residuals were assigned to be
"spent SCOT™-like catalyst” if they were assigned a residual identification code of "spent
solid catalyst” or "solid catalyst fines™ and were generated from a process identified as a
SCOT® unit. These correspond to residual codes 03-A and 03-B, respectively, in Section
VII.2 of the questionnaire and process code 15-D in Section IV-1.C of the questionnaire.
Catalyst from other tail gas units, including Beavon-Stretford units, were not included in the
statistics although the quantities of catalysts from the Beavon-Stretford units are similar to the
quantities of catalyst generated from SCOT®-like units. Quality assurance was conducted by
ensuring that all tail gas unit catalysts previously identified in the questionnaire (i.e., in
Section V.B) were assigned in Section VII.2. Based on the results of the questionnaire,
approximately 65 facilities have SO, conversion reactors as part of their tail gas system (as
the "front end" to their SCOT®, Stretford, or Selectox system) and thus likely generate spent
tail gas hydroprocessing catalyst. Due to the infrequent generation of this residual, not all of
these facilities generated spent catalyst in 1992. However, 1992 is expected to be a typical
year in regard to catalyst change-out volume and management.

Table 3:3.15 provides a description of the quantity generated, number of streams
reported, number of unreported volumes, and average and 90th percentile volumes,

Table 3.3.15. Generation Statlstlcs for Spent SCOT®-like Catalyst, 1992

Final Management # of # of Streams Total Average 90th
. Streams with Yolume | Volume | Percentile
unreported (MT) MD Yolume

{ Transfer metal catalyst for reclamation 12 1 188 16 35

Or Tegeneration ({estimare)
Disposal offsite in Subtitle C landfill 5 0 103 21 63
Disposal in offsite Subtide D landfill 4 o 50 12 19
Dlwosal in on.snte Subtitle D la.ndﬁll 1 0 10 10 10
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Plausible management scenarios were chosen by EPA on which to perform the risk
assessment model. The scenarios were chosen based on the existing and possible "high
potential exposure" disposal practices currently used. Given the Agency’s past experience
with risk assessment modeling, the munageinent practices summarized in Tabie 3.3.15 were
reviewed to identify those practices likely to pose the greatest threats to human health and the
environment. The selected management practice is:

. Offsite Subtitle D landfilling (used for 14 percent of the total residual volume)

The input quantities for modeling releases using these scenarios were greater than
those actually disposed in 1992, Instead, the management quantity is assumed to be the total
quantity generated (minus that managed in Subtitle C units already). This is because other
management methods, in particular reclamation, could change to landfilling in the future due
to economic factors, convenience, or other factors. See Section 3.3.2.2 for additional
details.

The management method accounting for the majority of the residual, transfer for
offsite metals reclamation/regeneration, was not selected for modeling risks. A small
number of catalyst reclaimers, such as CRI-MET in Louisiana and Gulf Metallurgical in
Texas, reclaim spent catalyst for its vanadium, nickel, and molybdenum metal values. Both
of these reclamation facilities routinely manage hoth characteristically hazardous and
nonhazardous spent catalysts., One of these facilities segregates the hazardous and
nonhazardous feedstocks, but following storage, both the hazardous and nonhazardous feeds
are subjected to the same process. Therefore, risks from processing are equal for both
characteristic and nonhazardous wastes.

A more detailed study of the catalyst recycling industry would be a significant
endeavor, and was determinéd to be outside the scope of this listing determination. Based on
the site visits described above, EPA believes that the practice of spent catalyst reclamation is
valuable because it is consistent with the intent of RCRA and because, based on EPA’s
preliminary review of this industry, the spent catalysts appear to be managed and processed
in a way that controls risks.

As with hydrotreating and hydrorefining catalysts, the Agency believed that it was
unnecessary to model short-term interim storage used prior to final management. See the
discussion for hydrotreating catalysts for details.

A summary of EPA’s reasoning in selecting pathways for quantitative risk assessment
modeling is presented in Table 3.3.16.

The characterization data for the management units and their underlying aquifers were
collected in the §3007 survey. Table 3.3.17 provides a summary of the data for the targeted
management practices used in the risk assessments for this residual. This table is developed
using the RCRA §3007 survey of facilities reporting onsite landfilling of SCOT®-like catalyst
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in any reported year. The survey specified that if the residual was not generated in 1992, to
provide the information for the last year the residual was generated.

Table 3.3.16. Selection of Risk Assessment Modeling Scenario:
Spent SCOT®-like Catalyst

Final Management Basis for Consideration in Risk Assessment

W
Transfer metal catalyst for reclamation | See discussion on previous page. Not
Or regeneration modeled. Minimal volumes.

Disposal offsite in Subtitle C landfill Not modeled, already managed as hazardous -
no incremental risk to control

Disposal in offsite Subtitle D landfill Modeled

Disposal in onsite Subtitle D landfill Modeled

Onsite storage’ Not modeled, not final management practice
e

! Onsite storage indicates that the facility did not provide final management information.

3.3.4.3 Characterization

Two sources of residual characterization were developed during the industry study:

. Table 3.3.18 summarizes the physical properties of the spent catalyst as
reported in Section VII.A of the §3007 survey.

e Three record samples of spent SCOT®-like tail gas treating catalyst were
collected and analyzed by EPA. These samples represent the spent catalyst
generated throughout the industry and are summarized in Table 3.3.19.

Section 3.3.3.1 showed that there is essentially no process variation in the
hydrotreating of tail gas. Essentially all catalyst is Co/Mo, and all treat sulfur recovery unit
tail gas. Variations downstream of the unit, such as the type of treating solution used to
remove H,S, do not affect the spent catalyst generated in the hydroprocessing of this gas.
Therefore, the sample set is expected to be representative of all tail gas catalyst generated.

All three samples were analyzed for total and TCLP levels of volatiles, semivolatiles,
and metals, The high aluminum, molybdenum, and cobalt concentrations can be attributed to
the catalyst make up: cobalt\molybdenum on alumina. A summary of the results is presented
in Table 3.3.20. Only constituents detected in at least one sample are shown in this table,
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Table 3.3.17. Management Practices Targeted for Risk Assessment

A~

Parameters #of #of # RC w/ Total 10th % 50th % 90th %
Fac. RCs Unreported Volume Volume Volume Volume
Volume {MT) MT) MT) MD)
Oneite and Offgi